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NFPA13 

Standard for the 

Installation of Sprinkler Systems 

2002 Edition 

This edition of NFPA 13, Standard for the Installation of Sprinkler Systems, was prepared by the 
Technical Committee on Hanging and Bracing of Water-Based Fire Protection Systems, the 
Technical Committee on Private Water Supply Piping Systems, the Technical Committee on 
Sprinkler System Discharge Criteria, and the Technical Committee on Sprinkler System In- 
stallation Criteria, released by the Technical Correlating Committee on Automatic Sprinkler 
Systems, and acted on by NFPA at its May Association Technical Meeting held May 19-23, 
2002, in Minneapolis, MN. It was issued by the Standards Council on July 19, 2002, with an 
effective date of August 8, 2002, and supersedes all previous editions. 

This edition of NFPA 13 was approved as an American National Standard on July 19, 2002. 

Origin and Development of NFPA 13 

NFPA 13 represents the first standard published under the auspices of the NFPA Commit- 
tee on Automatic Sprinklers. Originally titled Rules and Regulations of the National Board of Fire 
Underwriters for Sprinkler Equipments, Automatic and. Open Systems, the standard has been continu- 
ously updated to keep in step with change. 

Full information about the NFPA actions on various changes will be found in the NFPA 
Proceedings. The dates of successive editions are as follows: 1896, 1899, 1902, 1905, 1907, 
1908, 1912, 1913, 1915, 1916, 1917, 1919, 1920, 1921, 1922, 1923, 1924, 1925, 1926, 1927, 
1928, 1929. In 1930, a separate standard was published on Class B systems. This was integrated 
into the 1931 edition. Further revisions were adopted in 1934, 1935, and 1936. A two-step 
revision was presented in the form of a progress report in 1939 and finally adopted in 1940. 
Further amendments were made in 1947, 1950, 1953, 1956, 1958, 1960, 1961, 1963, 1964, 
1965, 1966, 1968, 1969, 1971, 1972, 1973, 1974, 1975, 1976, 1978, 1980, 1982, 1984, 1986, and 
1989. 

The 1991 edition incorporated an entire rewrite of the standard to make the overall 
format user friendly Substantive changes were made to numerous terms, definitions, and 
descriptions, with additional refinements made in 1994. 

The centennial (1996) edition included a significant rework of the requirements pertain- 
ing to the application, placement, location, spacing, and use of various types of sprinklers. 
Other changes provided information on extended coverage sprinklers and recognized the 
ben eft Is of fas t-response sprin kle r tech n ol ogy. 

The 1999 edition encompassed a major reorganization of NFPAs Sprinkler Project that 
included the establishment of a Technical Correlating Committee on Automatic Sprinkler 
Systems and four new sprinkler systems technical committees, the consolidation of NFPA's 
sprinkler system design and installation requirements, and the implementation of numerous 
technical changes. 

The scope of NFPA 13 was expanded to address all sprinkler system applications. The 1999 
edition contained information on the installation of underground pipe from NFPA 24 and 
sprinkler system discharge criteria for on-floor and rack storage of Class I, II, III, IV, and 
plastic commodities, rubber tires, baled cotton, and roll paper that were previously located in 
NFPA 231, 231C, 231D, 231E, and 231 F. Additionally, sprinkler system information for special- 
ized hazards from over 40 NFPA documents was either copied into NFPA 13 using NFPA's 
extract policy or specifically referenced. A new chapter was also added to address the struc- 
tural aspects of exposed and buried system piping. A table of cross-references to previous 
editions and material that was located in other NFPA documents was included at the end of 
the 1999 edition. 
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Mo re s pe c i fl c c h an ges i n c In d ed a n e w spri nkl er i de n t i flea ti on m a rki ng sys te m a n d th e d t\s i gn at i on o f s p r i n k] e r s i zes 
by nominal K-factors. New criteria for the use of steel pipe in underground applications was added, as well as a new 
provision to guard against microbiologically influenced corrosion. Obstruction rules for specific sprinkler types and 
rules .for locating sprinklers in concealed spaces were revised. New limitations were placed on the sprinkler sizes in 
storage applications, and criteria for the K-25 sprinkler was added. Additionally, the requirements .for protecting 
sprinklers against seismic events also underwent significant revision. 

The 2002 edition of NFPA 13 has undergone style formatting and technical revisions. The style formatting was 
co n i p 1 e te d to c: om p 1 y wi t h th e NFPA Manual of Style an d to re o rga n ize ma n y of th e re qui re m e n is i n N F.PA 1 3 i n to 
unique chapters. Editorially, NFPA 13 has eliminated all of the exceptions and reworded (hern as requirements where 
app 1 i c ab 1 e , th e m a n d a to i y re fe re n c es h ave be e n n i ove d to C h a p te r 2 , a n d a 1 1 of tl i e d e fi n i ti o n s a re n o w Jo ca ted i n 
Chapter 3. In reorganizing NFPA 13, several new chapters were created to consolidate requirements including the 
f 6 1 1 owi n g: C hap te r 1 co n ta i n s a 1 1 of th e app 1 i ca hi e req u i re m e n ts f o r u n d e rgro u n d pi p i n g i n c 1 u el i n g m a te r i a 1 s , i n s ta 1- 
lation, and acceptance testing; Chapter 11 contains design approaches including pipe schedule, density/area method, 
i o o m d es i g n in e th od , sp ec i al d es i gn are as , re si d e n ti al sp ri n kl e rs , ex posu re p ro te c ti on , a n d water c u r ta i n s ; C h ap te r 1 2 
contains the design approaches for the protection of storage including idle pallets, miscellaneous storage, storage less 
than 1 2 ft, palletized, solid pile, bin box, and shelf storage, rack storage less than 25 .ft, rack storage greater than 25 ft, 
rubber tire, baled cotton, rolled paper, and special storage designs; Chapter 13 contains all of the design and installa- 
tion requirements from all of the various documents that have been extracted into NFPA 13. 

The 2002 edition made specific technical changes to address several key issues. Three major areas of irregular 
ceiling have been addressed including skylights, stepped ceilings, and ceiling pockets. The design requirements for 
ESFR sprinklers have been expanded to allow the user to choose the storage height and then the building height for 
a n y a 1 1 o wa b 1 e a i ■ r a n ge m e n ( . . D e sign re: q u i re m e n ts f o r th e p r o te c ti o n of s to rage o n s o 1 i d s h e 1 ve s h a ve b e e n a d d e d . 
Req 1 1 i re m e n ts f o r th e i n s ta 1 1 a ti o n of res i d e n ti a I sp r in kl e rs we re added t ha t pa ra 1 1 e 1 th e re qui rem e n ts fo i: o th e r types of 
sprinklers. 

Prior editions of this document have been translated into languages other than English, including French and 
Spanish. 
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Technical Correlating Committee on Automatic Sprinkler Systems (AUT-AAC) 

John G. O'Neill, Chair 

Gage-Babcock & Associates Inc., VA [SE] 



Christian Dubay, Nonvoting Secretary 
NFPA, MA 



Jose R. Baz, International Engineered Systems, Limited, 
l'iic.,FL[M] 

Rep. NFPA Latin American Section 
Kerry M . B el I , U n d e rw r i te rs Labo ra to r i es 1 n c . , I L [ RT ] 
Eric H. Cote, The RJA Group, Inc., MA [SE] 
Russell P. Fleming, Nati o nal Fi re Spri n kler Association , 
NY[M] 

Scott T. Fran son , T h c Vi k i n g C o r p o rati on, M I [ M ] 
Joseph B. Hankins, Jr., FM Global, MA [I] 
James B . Harmes, G r a n d B 1 an c F i re D e p a r t m e n t , M I [ E j 

Rep. International Association of Fire Chiefs 
Luke Hilton, LM G P rope rty E n gi n ee ri n g, FL f I ] 
Roland J. Huggins, American Fire Sprinkler Association, 
IncTX [IM] 

Sultan M. Javeri, La Rose Des Vents, France [I'M] 
Andrew Kim , National Re se a r c h C o u n ci 1 o f Can ad a , 
Canada [RT] 



B.J. Lukes, Grinnell Fire Protection System Company 
Limited/Tyco, Canada [ IM] 

Rep. Canadian Automatic Sprinkler Association 
J oseph W. Noble , CI a r k C on n ty F i re D c pa r t m c n l , N V [ E j 

Rep. International Fire Marshals Association 
Eric Packard, Local 669 JATC Education Fund, Ml) [L] 

Re p . U n i te d Asso c i a ti o n o I J o u r n e y m e n and 

A p p re n ti ces of th e P 1 u mbi n g an d Pi pe Fi t ti n g I n d us try 

o f th e U . S . a r i d Ca n a d a 
Chester W. Schirmer, Schirmer Engineering 
Corporation, NC [SE] 

John Nigel Stephens, LPC Ce n tie fo r Risk Sc i e n ces , 
United Kingdom [1] 

Lynn K- Underwood, CNA Risk Management Properly, 
IL [I] 



Alternates 



Donald "Don" D. Becker, RJC & Associates, Inc., MO [IM] 

(Alt. to R.J. Huggins) 
Randall S. Chaney, LMG Property Engineering, GA [I] 

(Alt. to L. Hilton) 
Raymond A. Grill, The RJA Group, Inc., VA [SE] 

(Alt. toE. H.Cote) 
Kenneth E. Isman, National Fire Sprinkler Association, 
NY[M] 

(Alt. to R. P. Fleming) 



George E. Laverick, U n d e rw r i te rs La bo ra to r i e s Inc., 
IL [RT] 

(Alt. to K. M. Bell) 
Donato A. Pirro E., Electro Si stem as De Panama, S.A., 
Panama [M] 

(Alt. to]. R. Baz)) 
William E. Wilcox, FM Global, MA [I] 

(Alt. to j. B. Hankins, Jr.) 



Nonvoting 



Antonio C. M. Braga, FM Global, CA [I] 

Edward K. Budnick, II u gh es Assoc i a tes, Inc., M D [ S E ] 

Rolf H. Jensen, Belleah; FL 

(Member Emeritus) 
William E. Koffel, Koffel Associates, Inc., MD [SE] 

(Liaison from NFPA 101) 
Kenneth W. Linder, industrial Risk Insurers, CT [I] 
Christopher T. Lummus, Insurance Services Office, Inc., 
TX [I] 



Daniel Madrzykowski, U.S. National Institute of 
S la n d a r d s a n d Te c h n o 1 ogy, M D [ RT ] 
Peter Papavasiliou, Engineering Professionals, Limited, 
IL [SE] 

J . William Sheppard, Ge n e r a 1 M o to i s Go r p o ra l i < :> n , M 1 [ I J J 
John J. Walsh, Local 669 JATC, MD [SE] 
(Member Emeritus) 



Chri stian Dubay, N F PA S t a f f Li a i s o n 

Committee Scope: This Committee shall have overall responsibility for documents that pertain to the criteria 
for the design and installation of automatic, open, and foam-water sprinkler systems including the character 
and adequacy of water supplies and the selection of sprinklers, piping, valves, and all materials and accesso- 
ries. Th i s Co m m i ttee d oes n ot cover th e ins tal 1 a ti o n of tan ks an d towe rs , o r th e ins tal 1 ati o n , m ai n tc n an ce , 
a n d use of c e n tr al station, p r o p r i e ta ry, auxi 1 i a ry, and local s i gn al i n g s y s te m s fo r wa tc h m e n , II re a 1 a r m , a n d 
s u pe rvi so ry se rvi ce , o r th e des ign of 1:1 re d e partm en t hose c on n e c tton s . 
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INSTALLATION OF SPRINKLER SYSTEMS 



Technical Committee on Hanging and Bracing of Water-Based Fire Protection Systems (AUT-HBS) 

Antonio C. M. Braga, Chair 

FM Global, CA [Ij 



Samuel S. Dannaway, Secretary 

S. S. Dannaway Associates, Inc., HI [SE] 



James B. Biggins, Marsh Risk Consulting, IE [I] 

Richard W. Bonds, Ductile Iron Pipe Research 

Association, AL [M] 

Russell P. Fleming, National Fire Sprinkler Association, 

NY [M] 

Thomas J. Forsythe, Gage-Babcock 8c Associates, Inc., 

CA [SE] 

Luke Hilton, LM.G Property Engineering, FL [I] 

Re p . A 1 1 i a n c e of Am e r i c a n In s u re rs 
Terry Hoist, Grinnell Fire Protection Systems Co., CA [M] 

Rep. National Fire Sprinkler Association 
Kraig Kirschner, AFCON, CA [M] 

Rep. American Fire Sprinkler Association, Inc. 
Philip D. LeGrone, Risk Management Solutions, inc., 
TO [SE] 

Wayne M. Martin, Wayne Martin & Associates Inc. 
(WMA),CA[SE] 



Emil W. Misichko, Underwriters Laboratories Inc., IL [RT] 
Donald C. Moeller, The RJA Group, Inc., CA [SE] 
David S. Mowren HSB Professional Loss Control, TN [I] 
Randy R. Nelson, VFS Fire Protection Services, CA [IM] 

Rep. American Fire Sprinkler Association, Inc. 
Janak B. Patel, Bechtel Savannah River Company, GA [U] 
Michael A. Rothmier, UA joint Apprenticeship 
Committee Local 669, CO'[L] 

Rep. United Association of Journeymen and 

Apprentices of the Plumbing and Pipe Fitting Industry 

of the U.S. and Canada 
J ames Tauby, Mas on I . n d u s tri e s , I n c . , NY [ M ] 
Jack Thacker, Allan Automatic Sprinkler Corporation of 
Southern California, CA [IM] 

Rep. National Fire Sprinkler Association 



Alternates 



Ch arl es Bam ford , Ad va need Fi re P ro te c ti o nine, WA [ I M ] 

(Alt. toR. R.Nelson) 
Randall S. Chaney, LMG Property Engineering, CA [I] 

(Alt. to L. Hilton) 
Sheldon Dacus, Security Fire Protection Company, TN [IM] 

(Alt. to J. Thacker) 
Russell G. Hoeltzel, Marsh Risk Consulting, CA [I] 

(Alt. to J. B. Biggins) 
B.J. Lukes , G r i n n e 1 1 F i re P r o te c ti o n Sys te m Co m p a n y 
Li m i ted/ Tyco , Ca n ad a [ M ] 

(Alt. to T. Hoist) 
J. Scott Mitchell, American Fire Sprinkler Association, 
IncJX [M] 

(Alt. to K. Kirschner) 



Eric Packard, Local 669 JATC Education Fund, MD [L] 

(Alt. to M. A. Rothmier) 
James J. Urban, Underwriters Laboratories Inc., IL [RT] 

(Alt. to E. W. Misichko) 
Allyn J. Vaughn, The RJA Group, Inc., NV [SE] 

(Alt. to D. C. Moeller) 
Ge orge Von Gnatensky, To 1 co , I n c o rp orated, CA [ M ] 

(Alt. to R. P. Fleming) 
William E. Wilcox, FM Global, MA [I] 

(Alt. to A. CM, Braga) 
David M. Gough, Industrial Risk Insurers, CT [I] 

(VotingAlt. to IRI Rep.) 



Christian Dubay, NFPA Staff Liaison 

Committee Scope: This Committee shall have primary responsibility for those portions of NFPA 13 that 
pertain to the criteria for the use and installation of components and devices used for the support of water- 
based fire protection system piping including protection against seismic events. 
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Technical Committee on Private Water Supply Piping Systems (AUT-PRI) 

J. William Sheppard, Chair 

General Motors Corporation, MI [U] 
Rep. NF.PA Industrial Fire Protection Section 



Robert M. Gagnon, Secretary 
Gagnon Engineering, MD [SE] 



James B. Biggins, Marsh Risk Consulting, IL [I] 

Richard W. Bonds, Ductile Iron Pipe Research 

Association, AL [M] 

Phillip Brown, American Fire Sprinkler Association, Inc., 

TX [IM] 

Richard Brown, Brown Sprinkler Corporation. KY [IM] 

Rep. National Fire Sprinkler Association 
Augus t F. DiMann o , Jr. , Fire m a n ' s Fu i \ d I n su ran c e 
Company, NY [I] 

William C. Gearhart, U n i ve rsi ty o f Pe n n sylvan ia, PA [ IM ] 
David M. Gough, Industrial Risk Insurers, CT [I] 
Luke Hil ton , LM G P r o p e r ty E n gi n e e r i n g , F I , [ I ] 

Rep. Alliance of American Insurers 
Gerald Kelliher, Westinghouse Savannah River Co., SC [ U] 
Marshall A. Klein, Marshall A. Klein and Associates, Inc., 
MD [SE] 



John Lake, Marion County Fire/Rescue, FL [E] 
James M. Maddry, ] am es M . M a d d ly, P. F . , G A [ S E ] 
EmilW. Misichko, Underwriters Laboratories Inc., IL [RT] 
David S. Mowrer, HSB Professional Loss Control, TN [I] 
Robert A. Panero, Pacific Gas and Electric Company, 
CA [U] 

Rep. Edison Electric Institute 
Sam (Sat) Salwan, Environmental Systems Design Inc., 
IL [SE] 
James R. Schifiliti , F i re Safe ty Co n sul t a n ts , I n c . , I L [ IM ] 

Rep. Illinois Fire Prevention Association 
James W. Simms, T h e R J A G roup, Inc., C A [ S F ] 
Robert Spaulding, FM Global , MA [ 1 j 
Michael J. Stelzer, ABB Lummus Global, Inc., TX [SE] 
Lynn K. Underwood, CNA Risk Management Property, 
IE [I] 



Alternates 



Tariq B sharat, N a t;i o n a 1 F i re S p r i n kl e r Ass o c i a I i o n , 
NYflM] 

(Alt. to R. Brown) 
D avid M . Hammerman , M a rs h al 1 A . K 1 e i n an d Ass o c i a te s 
IncMD [SE] 

(Alt. to M. A. Klein) 
Joseph B. Hankins, Jr., FM Global, MA [I] 

(Alt. to R. Spaulding) 
Robert D. Stephens, Industrial Risk Insurers, CA [1] 

(Alt. to D.M. Gough) 



Lawrence Thibodeau, Hampshire Fire Protection 
Company Inc., Nil [IM] 

(Alt. to P. Brown) 
James J. Urban, Underwriters Laboratories Inc., II ., [RT] 

(Alt. to E. W. Misichko) 
Peter R. Yurkonis, The RJA Group, I n c . , I L [SE] 

(Alt. to]. W. Simms) 



Nonvoting 



Kenneth J. Carl, Baldwin, NY [SE] 
( Me m b e r E m e r i tu s ) 



Geo f f rey N . Perkin s , B ass e 1 1 Consulting E n gi n e e rs , 
Australia 



Christian Dubay, NFPA Staff Liaison 

Committee Scope: This Committee shall have primary responsibility for documents on private piping systems 
supplying water for fire protection and for hydrants, hose houses, and valves. The Committee is also respon- 
sible fo r d oc u men ts o n fi re How tes ti ng an d m ark i ng of h yd ran ts . 
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Technical Committee on Sprinkler System Discharge Criteria (AUT-SSD) 

Edward K. Budnick, Chair 

H ugh es Associ ates, Inc., MD [ S E ] 



Charles Banroth, LMG Property, TX [I] 

Rep. Alliance otA.nierican Insurers 
Kerry M . Be U , U n d e i av r i Le is La bo ra to lies I n c . , I L [ RT ] 
Michael H. Blum en thai , Ru bbe r Ma n u fee In re is 
Association, DC [M] 

Robert: B. Combs, Marsh USA, Inc., WA [I] 
Th omas G . Dee gan , T h e Vi kin g Co r p o i 'a ti o n , M I [ M ] 
Richard H. Field, Royal & SunAlliance, NC [I] 

Rep. American Insurance Services Group 
Russel 1 P. Fl e m i ng, N a I; i o 1 1 a I Hire Sprinkler Ass oc i a li o n , 
NY[M] 

James G. Gallup, The RJA Group, Inc., AZ [SE] 
James Golinveaux, Tyco Eire Products, RI [M] 

Re p . N ati o n a I Fi re S p r inkier Assoc i a ti on 
Joseph B. Hankins, Jr., EM Global, MA [I] 
Ro I an d J . Hu ggi ns , Am eric an Fire S p r i n k 1 e r Ass o c i ati on, 
IncTX [IM] 
Larry Ke epi n g, Vi pond F i i e P ro te c t i o 1 1 , Ca n a d a [ I M ] 

Rep. Canadian Automatic Sprinkler Association 
An d re w Ki m , N a t i o i 1 a 1 Re s e a r c h Co uncil of C a n a d a , 
Canada [RT] 



Carl P. An d e rs o n , Ta com a Fire I) e p a i * t m e n t, WA [ E j 

(Alt. toA.Mirkhah) 
Gordon Bates, M i n n ca po J is Ki re D e p t. , M N [ E J 

(Alt. to R. Fehrson) 
John August Denhardt, Strickland Fire Protection, Inc., 
MD |1M| 

(Alt. i.oW. R. Templin) 
a vi d L . D ix o n , S e c uri tv Fir e Pro te c ti o n , TN [ I M ] 

(Alt. to j.Thacker) 
Michael L. Fdwards, The RJA Group, Inc., VA [SE] 

(Alt. to J. G. Gallup) 
Pra vi n ray D . G a n d h i , Unci e r w r i te rs La b o ra to i i e s I n c . , 

iL i;rt;i 

(Alt. i.o.K. M.Bell) 
J. Grayson Gilbert, Industrial Risk Insurers, GA [I] 

(Ait. to T. E. Schumann) 
Daniel Madrzykowski, U.S. National Institute of 
Standards and Technology, Ml) [RT] 

(Alt. to 0. W. Slroup)" 



William E. Koffel, Koffel Associates, Inc., MD j SE] 
Chris La Fl e ur, G e n e r a 1 Mo u > r s C o r p o i a t i o i i , Ml [ U I 
Jerome P. Merkel, U n i ted S p r i n kle r, I n c . , M N [ I M ] 
Azaran g Mir kh ah , L as Ve gas Fi re D e p a r ti n t: n t , N V [ E ] 
Richard Pehrson, Minnesota State Fire Marshal Division, 
MN [E] 

Re p . In te r n a t i o n a 1 Fi re M a rs h a 1 s As s o c i a t i o n 
Chester W. Sehirmer, Sc h i rm e r E n gi n ee ri n g 
Corporation, NC [SE] 

Todd E. Schumann, Industrial Risk Insurers, IE [I j 
Peter A. S mi th , I n te r n a t i o n a 1 Pap e i ' ( x ) i \ i p a n y, T N j U | 
S andra S tan ek , R u r al M e t ro F i i e D e p a r t n i e n t . A Z [ E ] 
David W. Stroup, U.S. Na ti o n a 1 I ns ti tu te c>f S ta n d a \i\ s a n d 
Technology, MD [RT] 

Willie R. Templin, American Automatic Sprinkler, Inc., 
TX [EM] 

Re p . An i e r i c a n Fire; S p r i n k I e r Ass o c i a ti o n , Inc. 
Jack Thacker, Al 1 a n An to m a ti c S p rink le r Co rpo rati o n of 
Southern California, GA [ TM] 

Rep. N a ti o n a I E i r e S p r i n kl e r Ass o c i a ti o n 
William J. Tomes, TVA Fire and File Safety, GA [U J 

Rep. The Home Depot 



Alternates 



Jack A. Medovich, East Coast Eire Protection, Inc., 
MD [IM] 

(Alt. lo R.J. ITuggins) 
Thomas L. M ulter, Re I i a b 1 e A li to m a tie Sp r i n k 1 e r 
Company, GA [M] 

(Alt. to R. P. Fleming) 
Garner A Palenske , Sc h i n n e i E n gi n ee ri n g Co r p . , C A [ SE ] 

(Alt. toC.W. Schirmer) 
Raymond Schmi d , Ko He I As s o c i a te s , I n c . , M D [ SE ] 

'(Alt. toW. E. Kofiel) 
Peter W. Thomas, Tyco Fire P rod nets, RI [M] 

(Alt. to }. Golinveaux) 
William P. Thomas, Jr., TVA Fire and Safety, GA [ U] 

(Alt. to W.J. Tomes) 
Tom Vincent, Life Safety Systems, Canada [IM] 

(Alt. to L. Keeping) 
William E. Wilcox, EM Global, MA [I] 

(Alt. loJ.B. Hankins, Jr.) 



Nonvoting 

Ba r ry M . Le e , Tyc <: > International, A u s tr a I i a [ M ] 

Christian Dubay, NEPA Staff Liaison 

Committee Scope: This Committee shall have primary responsibility for those portions of NFPA .1.3 that 
pertain to the classification of various fire hazards and the determination of associated discharge criteria for 
sprinkler systems employing automatic and open sprinklers. 
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Technical Committee on Sprinkler System Installation Criteria (AUT-SSI) 



Kenneth W. Linder, Chair 

Industrial Risk Insurers, CI [I.] 



Kenneth E. Isman, Secreimy 

N a t i o t \ a 1 F i r e S p r i n k 1 e r Ass oc i a ti o n , N Y [ M ] 



Edward K. Bud n i ck , EI ugh e s Ass o c i a le s , I n c . , M D [ S E ] 
Ro b er t G . Caputo , C o n s o I i d a t e d Fi re p ro le c ti o n , 1 1 1 c . , 
CA[IM] 

Re p . Am e r i ca n Fi re Sprinkler Assoc i a ti o n , I n c . 
Ro b ert E . Du ke , F i re ( ' o i i t r o ! In c o r p o r a ted , I L 1 1 M ] 
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NFPA13 

Standard for the 

Installation of Sprinkler Systems 

2002 Edition 

NOT! CE : An as te ri sk ( * ) fo 1 1 ow i n g th e n u m be r or 1 e tie r d es i g- 
n a ting a paragraph indicates thai explanatory material on the 
paragraph can be found in Annex A. 

Changes other than editorial are indicated by a vertical 
rule beside the paragraph, table, or figure in which the 
change occurred. These rules are included as an aid to the 
user in identifying changes from the previous edition. Where 
on e or in o re c o m pie te pa ra graph s h ave be e n del e ted , th e de- 
letion is indicated by a bullet between the paragraphs that 
remain. 

A reference in brackets [ ] following a section or paragraph 
indicates material that has been extracted from another NFPA 
document. As an aid to the user, Annex E lists the complete 
ti tl e an d e d i ti o n of th e so u re e d o c u m e n is fo r bo th m an da to ry 
and non mandatory extracts. Editorial changes to extracted 
material consist of revising references to an appropriate divi- 
sion in this document or the inclusion of the document num- 
ber with the division number when the reference is to the 
original document. Requests for interpretations or revisions 
of extracted text shall be sent to the appropriate te clinical 
committee. 

Information on referenced publications can be found in 
Chapter 2 and Annex E. 



Chapter 1 Administration 

1 . 1 * S cop e . T h i s s ta n d a r d s h a 1 1 p r o v i d e t h e mini in u m re q u i re- 
ments for the design and installation of automatic lire sprin- 
kler systems and exposure protection sprinkler systems cov- 
e red w i th i n th i s s tan da rd . 

1.2* Purpose. 

1.2.1 The purpose of this standard shall be to provide a rea- 
sonable degree of protection for life and property from fire 
th rough s ta n d ard i zati o n o f d es i gn , i n s ta 1 1 a ti o n , an d tes ti n g re- 
q u i re m e n ts fo r s p r i n kl e r sys te m s, i n c 1 u d in g p r i vate ft re se rvi ce 
in ai n s , based o n so u n d e n gi n e e r i n g pr i n c i p 1 es , tes t data , an d 
field experience. 

1.2.2 Sprinkle r sys te m s a n d p r i va te fi r e se rvi ce m ai n s are spe- 
cialized fire protection systems and shall require knowledge- 
able and experienced design and installation. 

1.3 Application. 

1.3.1 Th i s s ta n d ard s h a 1 1 ap pi y to : 

( 1 ) C h arac te r a n d a d eq u acy o f wa te r su p p lies 

(2) Selection of sprinklers 

(3) Fittings 

(4) Piping 

(5) Valves 

(6) All materials and accessories, including the installation of 
private lire service mains 

1.3.2 This standard shall also apply to "combined service 
mains" used to cany water for both fire service and other uses 
as well as mains for fire service use onlv. 



1.4 Retroactivity Clause. The provisions of this standard re- 
fl e c t a co n se n su s o f wh at i s n e cessary to p rovi d e an a cce p ta b 1 e 
d egre e o f p ro te c ti o n fro m th e h a za rd s ad d resse d i n th i s s ta n - 
dard at the time the standard was issued. Unless otherwise 
specified, the provisions of this standard shall not apply to 
f ac i 1 i ties , e q ti i p m e n t ., s tr u c tu res , o r i n s ta 1 1 a ti o n s th a t ex i s ted o r 
were approved for construction or installation prior to the 
effective date of this standard. Where specified, the provisions 

f th is s ta n dard s h al 1 be re 1 1 oac ti ve . In th ose cases wh e re th e 
an th o ri ty h avi n g jurisdi c ti o n cl e te nn i n es th a t th e exi s ti n g s i ti i- 
ation presents an unacceptable degree of risk, the authority 
having jurisdiction shall be permitted to apply retroactively 
a n y p o r ti o n s o f this s ta 1 i d a r d d e em e d a p p r o p ri a te . 

1.5 Equivalency. Nothing in this standard is intended to pro- 
ve n t the us e of sys te m s , m e th o d s , o r d e v i ce s o f eq u i va 1 e n 1 o i ' 
su perio r q nal i ty, stre n gth , fi re resi stance , effec live n ess, d u i a- 
bility, and safety over those prescribed by this standard. Tech- 
nical documentation shall be submitted to the authority hav- 
ing jurisdiction to demonstrate equivalency. The system, 
method, or device shall be approved for the intended purpose 
by the a 1 1 th o r i ty h avi n g j ti r i s d icti o n . 

1.6 New Technology. 

1.6.1 Nothing in this standard shall be intended to restrict 
new technologies or alternate arrangements, provided the 
level of safety prescribed by this standard is not lowered. 

1.6.2 Materials or devices not specifically designated by this 
standard shall be utilized in complete accord with all condi- 
tions, requirements, and limitations of their listings. 

1.7 Units and Symbols. 

1.7.1 Units. 

1.7.1.1 Metric units of measurement in this standard are in 
accordance with the modernized metric system known as the 

1 n te r n a ti o n al Sys te m o f U n i is ( SI ) . 

1.7.1.2 Two n n i ts (liter a n d bar), o ti ts i d e o f b u t rec c >g n i ze d by 
SI , a re c o m m o n ly u s ed in in te r n a ti o n a 1 fi re p ro te c ti o n . 

1.7.1.3 Th ese u n i ts are 1 i s te d i n Tab 1 e 1.7. 1 . 3 w i t h co n ve is i o n 
(actors. 



Table 1.7.1.3 SI Units and Conversion Factors 





Unit 




Name of Unit 


Symbol 


Conversion Factor 


liter 


L 


1 gal = 3.785 L 


millimeter per 


mm /min 


1 gpm/fr = 


minute 




40.746 mm /min = 
40.746 (L/min)/m'~ 


cubic decimeter 


dm' 


1 gal = 3.785 dm"'' 


pascal 


Pa 


1 psi - 6894.757 Pa 


bar 


bar 


1 psi - 0.0689 bar 


bar 


bar 


1 bar- 10* 'Pa 



Note: For additional conversions and information, see AST M SI 1.0, 

Standard for Use of the. International System of Units (Si): The Modern Metric 
System. 



1.7.1.4 If a va 1 u e for m e asu re m e n t as g i ve n in this s la n cl a rd i s 
fo 1 1 owed by an eq u ivale n t val u e i n oth e r u n i ts, th e (i rst stated is 
to be regarded as the requirement. 
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1.7.2 Symbols. The standard abbreviations in Table 1.7.2 shall 
be used on the hydraulic calculation form discussed in Chap- 
ter 1.1. 



Table 1.7.2 Hydraulic Symbols 



Symbol or 
Abbreviation 



Item 



P 
gpm 

<7 
Q 

?< 



p v 

p v 

E 

EE 

Lt.E 

Cr 

T 

GV 

BV 

Del V 

ALV 

DPV 

cv 
wcv 

St 
psi 

v 



Pressure in psi 

U.S. gallons per minute 

Flow increment in gpm to be added at a 
specific location 

Summation of flow in gpm at a specific 
location 

Total pressure in psi at a point in a pipe 

Pressure loss due to friction between points 
indicated in location column 

Pressure due to elevation difference between 
indicated points. This can be a plus value 
or a minus value. If minus, the (-) shall be 
used; if plus, no sign need be indicated. 

Velocity pressure in psi at a point in a pipe 

Normal pressure in psi at a point in a pipe 

90-degree ell 

45-degree ell 

Long-turn elbow 

Cross 

Tee-flow turned 90 degrees 

Gate valve 

Butterfly (wafer) check valve 

Deluge valve 

Alarm valve 

Dry pipe valve 

Swing check valve 

Butterfly (wafer) check valve 

Strainer 

Pou n cl s pe r sq uare inch 

Velocity of water in pipe in feet per second 



Chapter 2 Referenced Publications 

2.1 General. The documents or portions thereof listed in this 
c ha p ter are r ef e re need wi th i n th i s s ta n d ard a nd sh a 1 1 be co n- 
si d e re d pa r t of th e re q u i rem e n ts of t h is d o crimen t . 

2.2 NFPA Publications. National Fire Protection Association, 
1 Batterymarch Park, P.O. Box 9103, Quincy, MA 02269-9101. 

NFPA 1 1A, Standard for Medium- and, High-Expansion Foam, 
Systems, 1999 edition. 

NFPA 14, Standard, for the Installation of Slandpipe, Private Hy- 
drant, and .Hose Systems, 2000 edition. 

NFPA 15, Standard, for Water Spray Fixed Systems for Fire Protec- 
tion, 2001 edition. 

NFPA 20, Standard for the Installation of Stationary Pumps for 
Fire Protection, 1 999 edition . 

NFPA 22, Standard for Water Tanks for Private Fire Protection, 
1998 edition. 

NFPA 25, Standard for the inspection, Testing, and Maintenance 
of Water-Based Fire Protection Systems, 2002 edition. 

NFPA 30, Flammable and Combustible Liquids Code, 2000 edi- 
tion. 



NFPA 30B, Code for the Manufacture and Storage of Aerosol .Prod- 
ucts, 2002 edition. 

NFPA 40, Standard for the Storage and, Handling of Cellulose 
Nitrate film, 2001 edition. 

NFPA 42, Code for the Storage of Pyroxylin Plastic, 2002 edition. 

NFPA 45, Standard, on Fire Protection for Laboratories Using 
Chemicals, 2000 edition. 

NFPA 51, Standard, for the Design and Installation of Oxygen- 
Fuel Gas Systems for Welding, Cutting, and, Allied Processes, 2002 
edition. 

NFPA 51 A, Standard for Acetylene Cylinder Charging Plants, 
2001 edition. 

NFPA 5 IB, Standard for Fire Prevention During Welding, Cut- 
ting, and, Other Hot Work, 1999 edition. 

NFPA 55, Standard for the Storage, Use, and Handling of Com- 
pressed, and Liquefied, Gases in Portable Cylinders, 1998 edition. 

NFPA 59, Utility LP-Gas Plant Code, 2001 edition. 

NFPA59A, Standard for the Product/ion, Storage, and Handling 
of Liquefied Natural Gas (LNG), 2001 edition. 

NFPA 70, National Electrical Code®, 2002 edition. 

NFPA 72®, National Fire Alarm Code®, 2002 edition. 

NFPA 75, Standard for the Protection of Electronic, Computer/ 
Data Processing Equipment, 1999 edition. 

NFPA 82, Standard, on Incinerators and Waste and, Linen Han- 
dling Systems and, Equipment, 1999 edition. 

NFPA 86C, Standard for Industrial Furnaces Using a Special 
Processing Atmosphere, 1999 edition. 

NFPA 96, Standard, for Ventilation Control, and Fire Protection of 
Commercial Cooking Operations, 2001 edition. 

NFPA 101®, Life Safety Code®, 2000 edition. 

NFPA 170, Standard for Fire Safety Symbols, 2002 edition. 

NFPA 214, Standard on Water-Cooling Towers, 2000 edition, 

NFPA 251 , Standard Methods of Tests of Fire Endurance of Build- 
ing Construction and Materials, 1.999 edition. 

NFPA 259, Standard, Test, Method for Potential Heat of Building 
Materials, 1998 edition. 

NFPA 307, Standard, for the Construction and Fire Protection of 
Marine Terminals, Piers, and, Wharves, 2000 edition. 

NFPA 409, Standard on Aircraft Hangars, 2001 edition. 
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ASME B16.9, Factory-Made Wrought Steel Buttwelding Fittings, 
2001. 

ASME B16.ll, Forged Steel Fittings, Socket-Welding and, 
Threaded, 1996. 



2002 Edition 



REFERENCED PUBLICATIONS 



13-13 



AS ME B16.18, Cast Copper Alloy Solder Joint Pressure Fittings, 
1994. 

ASME B 16.22, Wrought Copper and Copper Alloy Solder joint 

Pressure Fittings, 1995. 

ASMEB16.25, Bullwelding Ends, 1997. 

ANSI/ASMEB31.1, Code for Power Piping, 2001. 

ANSI/ASME B36.I0M, Welded and Seamless Wrought Steel 
Pipe, 2000. 

2.3.2 ASTM Publications. American Society for Testing and 
Materials, 100 Ban: Harbor Drive, West Conshohocken, PA 
19428-2959. 

ANSI/ ASTM A 53, Standard Specification for Pipe, Steel, Black 
and Hot-Dipped, Zinc-Coated, Welded and Seamless, 2001. 

ASTM A 135, Standard Specification for Electric-Resistance- 
Welded Steel Pipe, 2001. 

ASTM. A 153, Standard Specification for Zinc Coating (Hot Dip) 
on Iron and. Steel Hardxuare, 2001. 

ASTM A 234/ A 234M, Standard Specification for Piping Fit- 
tings of Wrought-Carbon Steel and Alloy Steel for Moderate and High 
Temperature Service, 200 1 . 

ASTM A 795, Standard Specif ication for Black and Hot-Dipped 
Zinc-Coated, (Galvanized) Welded and, Seamless Steel Pipe for Fire Pro- 
tection Use, 2000. 

ASTM. B 32, Standard Specification far Solder Metal, 2000. 

ASTM B 75, Standard Specification for Seamless Copper Tube, 
1999. 

ASTM B 88, Standard Specification for Seamless Copper Water 
lube, 1999. 

ASTM, B 25.1, Standard, Specification for General Requirements 

for Wrought Seamless Copper and Copper-Alloy lube, 1997. 

ASTM B 446, Standard Specification for Nickel-Chromium- 
Molybdenum-Columbium Alloy (UNSN 06625) and Nickel- 
Chromium-Molybdenum-Silicon Alloy (UNSN 06219) Rod and Bar, 
2000. 

ASTM B 813, Standard Specification for Liquid and Paste Fluxes 

for Soldering Applications of Copper and Copper- Alloy Tube, 2000. 

ASTM B 828, Standard Practice for Making Capillary joints by 
Soldering of Copper and Copper Alloy Tube and Fittings, 2000. 

ASTM D 3309, Standard Specification for Polybulylene (PB) 
Plastic Plot- and Cold-Water Distribution Systems, 1996. 

ASTM E 119, Standard, Test Methods for Fire Tests of Building 
Construction and Materials, 2000. 

ASTM E 136, Standard, Test Method for Behavior of Materials in 
a Vertical Tube Furnace at 750° C, 1999. 

ASTM F 437, Standard Specification for Threaded, Chlorinated 
Poly (Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80, 
1999. 

ASTM F 438, Standard Specification for Socket-Type Chlorinated 
Poly (Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 40, 
2001. 

ASTM F 439, Standard Specification jbr Socket-Type Chlorinated 
Poly (Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80, 
2001. 



ASTM F 442, Standard Specification for Chlorinated, Poly (Vinyl 
Chloride) (CPVC) Plastic Pipe (SDR-PRf 1999. 

ASTM F 1121, Standard Specification for International Shore 
Connections for Marine Fire Applications, 1998. 

ASTM SI 10, Standard, for Use of the International System of 
Units (SI): The Modern Metric System, 1997. 

2.3.3 AWS Publications. American Welding Society, 550 N.W. 
Lejeune Road, Miami, FL 33126. 

AWS A5.8, Specification for Filler Metals for Brazing and, Braze 
Welding, 1992. 

AWS B2.1, Specification for Welding Procedure and Performance 
Qualification, 2000. 

AWS Dl 0.9, Specification for Qualification of Welding Procedures 
and Welders for Piping and Tubing, 1980. 

2.3.4 AWWA Publications. American Water Works Associa- 
tion, 6666 West Quincy Avenue, Denver, CO 80235. 

AWWA CI 04, Cement Mortar Lining for Ductile iron Pipe and 
Fittings for Water, 1995. 

AWWA C105, Polyethylene Encasement for Ductile Iron Pipe Sys- 
tems, 1999. 

AWWA CI 10, Ductile Iron and, Cray Iron Fittings, 3-in. Through 
48-in. (76 mm Through 1219 mm), for Water and, Other liquids, 
1998. 

AWWA CI 11, Rubber Casket joints for Ductile Iron Pressure Pipe 

and, Fittings, 2000. 

AWWA CI 1 5, Flanged, Ductile Iron Pipe with Ductile, Iron or Cray 
Iron Threaded Flanges, 1999. 

AWWA CI 50, Thickness Design of Ductile iron Pipe, 1996. 

AWWA CI 51, Ductile Iron Pipe, Centrifugally Cast for Water, 
1996. 
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IEEE 45, Recommended Practice for. E 'lee trie Installations on Ship- 
board, 1998. 

2.3.6 UL Publication. Underwriters Laboratories Inc., 333 
Pfmgsten Road, Northbrook, IL 60062. 

UL 300, Standard for Safety Fere Testing of Fire Extinguishing 
Systems for Protection of Restaur cent Cooking Areas, 1 998. 
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Chapter 3 Definitions 

3.1 General. The definitions contained in this chapter shall 
apply to the terms used in this standard. Where terms are not 
included, common usage of the terms shall apply. 

3.2 NFPA Official Definitions. 

3.2.1* App ro ve d . Ac c e p ta b 1 e to t h e a u th o r i t y h a vi n g jurisdic- 
tion. 

3.2.2* Authority Having Jurisdiction (AHJ). The organiza- 
tion, office, or individual responsible for approving equip- 
in e n t, m a te r i al s , a n i n s ta 1 1 a ti on , o r a proc ed u re . 

3 . 2.3* Listed. Eq u i pj n e nt, material s, or servi ces i ncl uded i n a 
list published by an organization that is acceptable to the au- 
thority having jurisdiction and concerned with evaluation of 
products or services, that maintains periodic inspection of 
p rod 1 1 c ti o n o f 1 i s ted eq u i p m e n. t o r m ate rials or pe ri odi c eva 1 u- 
a ti o n of se rv i ces, a n d w h ose 1 i s ti n g s ta tes t h at ei th e r the eq u ip- 
m e n t, in a te ri a 1 , or se rvi ce m ee ts a pp rop ri a te d esi gn ate d s tan- 
dards or has been tested and found suitable for a specified 
purpose. 



3.2.4 Shall. Indicates a mandatory requirement. 

3.2.5 Should. I nd i cates a tec om m e n d a tio n o r th at wh ic h is 
advised but not required. 

3.2.6 Standard . A d ocu m e n t, the m a i n tex t of wh i c 1 \ co n ta i n s 
only mandator)^ provisions using the word "shall" to indicate 
requirements and which is in a form generally suitable for 
mandatory reference by another standard or code or for adop- 
tion into law. N on mandatory provisions shall be located in an 
appendix or annex, footnote, or fine-print note and are not to 
be cons i d e red a part of th e re q u i re m e n ts of a s tan d a rd . 

3.3 General Definitions. 

3.3.1 Automatic Sprinkler. A fi re s 1 1 pp re ss i o n or co n trol de- 
vice that operates automatically when its heat-activated ele- 
ment is heated to its thermal rating or above, allowing water to 
discharge over a specified area. 

3.3.2 Automotive Components on Portable Racks. Automo- 
tive components on portable racks are defined as the follow- 
ing: instrument panels, windshields, metal and plastic gasoline 
tanks, heater housings, door panels, interior trim, bumper fa- 
cia, wiring harnesses, sheet metal, body components, engines, 
driveline components, steering mechanisms, auxiliary motors, 
an d 1 igh ti ng — all wi th o r wi tho u t e x pa n d ed p 1 as tic d on n age . 
This definition does not include the storage of air bags, tires, 
and seats on portable racks. 

3.3.3* Bathroom. Within a dwelling unit, any room or com- 
partment containing a lavatory dedicated to personal hygiene, 
o r a wa t e r c 1 o s e t , o r ba t h i n g c a p a b i 1 i ty sue h as a s h o w e r o r t u b , 
or any combination of facilities thereof. 

3.3.4 Ceiling Height. Th e d i s tan ce be twee n th e f 1 oo r an d th e 
underside of the ceiling above (or roof deck) within the area. 

3.3.5 Ceiling Types. 

3.3.5.1 Flat Ceiling. A continuous ceiling in a single plane. 

3.3.5.2 Horizontal Ceiling. A ce i li n g wi th aslope n o t exceed- 
ing 2 in 12. 

3.3.5.3 Sloped Ceiling. A ceiling with a slope exceeding 2 in 
12. 

3.3.5.4 Smooth Ceiling. A continuous ceiling free from sig- 
nificant irregularities, lumps, or indentations. 

3.3.6 Compartment. A space completely enclosed by walls 
and a ceiling. The compartment enclosure is permitted to 
have openings to an adjoining space if the openings have a 
m i n i m urn li n te 1 d e p th of Sin. (203 m m ) fro \n th e cei 1 i n g . 

3.3.7 Drop-Out Ceiling. A s usp e n d e d ce i 1 i n g sys tern , wh i c h is 
installed below the sprinklers, with listed translucent or 
opaque panels that are heat sensitive and fall from their set- 
ting when exposed to heat. 

3.3.8 Dwelling Unit. One or more rooms arranged for the 
use of on e or m o re i nd i vi d u al s 1 i vi n g toge th e r, as i n a s i n gle 
housekeeping unit normally having cooking, living, sanitary, 
and sleeping facilities. For purposes of this standard, dwelling 
unit includes hotel rooms, dormitory rooms, apartments, con- 
do m i n i u m s , s 1 e e p i n g r o o m s i n n u r s i n g h o m e s , a n d si m i 1 a r 1 i v- 
ing units. 

3.3.9 File Control. Li m i ti n g the s i ze of a i 1 re by d i s tri bu tio n 
of water so as to decrease the heat release rate and p re-wet 
adjacent combustibles, while controlling ceiling gas tempera- 
tures to avoid structural damage. 
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3.3.10 Fire Suppression. Sharply reducing the heat release 
rate of a lire and preventing its regrowth by means of direct 
a n d s iiffi c i e n t a p pi i cati o n o f wale r th ro u gh th e fi re p 1 u m e to 
the burning fuel surface. 

3.3.11 High-Challenge Fire Hazard. Afire hazard typical of 
that; produced by fires in combustible high -pi led storage. 

3.3.12 High-Piled Storage. Solid-piled, palletized, rack stor- 
age, bin box, and shelf storage in excess of 12 ft (3.7 m) in 
height. 

3.3.13 Hydraulically Designed System. A calculated sprin- 
kler system in which pipe sizes are selected on a pressure loss 
basis to provide a prescribed water density, in gallons per 
in i nu te pets q ua re f bo t ( m m / m i n ) , o r a p resc ri be d m i n im u m 
discharge pressure or flow per sprinkler, distributed with a 
reasonable degree of uniformity over a specified area. 

3.3.14 Limited-Combustible Material. A building construc- 
tion material that does not comply with the definition of non- 
combustible material that, in the form in which it is used, has a 
potential heat value not exceeding 3500 Btu per lb (8141 kj/kg) 
(see NFPA 359, Standard Test Method for Potential Heal of Building 
Ma, ierials), a n d th at c o m plies w i th e i th e r o f th e fol 1 o wi n g , ( a ) o r 
(b). Materials subject to increase in combustibility or flame 
spread rating beyond the limits herein established through the 
ef fee ts of age, m o istu re, o r o th e r atm osp h e r i c con d i ti o n sh al 1 be 
considered combustible, (a) Materials having a structural base of 
noncombustible material, with a surfacing not exceeding a thick- 
ness of '/s in. (3.2 mm) that has a flame spread rating not greater 
than 50. (b) Materials, in the form and thickness used, other than 
as described in (a), having neither a flame spread rating greater 
than 25 nor evidence of con tin tied progressive combustion and 
of such composition that surfaces that would be exposed by cut- 
ting through the material on any plane would have neither a 
flame spread rating greater than 25 nor evidence of continued 
p rogressi ve co m bus ti o n . 

3.3.15* Miscellaneous Storage. Storage that does not exceed 
12 ft (3.66 m) in height and is incidental to another occu- 
pancy use group. Such storage shall not constitute more than 
10 percent of the building area or 4000 ft" (372 nr) of the 
sprinklered area, whichever is greater. Such storage shall not 
exceed 1000 ft" (93 rrr) in one pile or area, and each such pile 
or area shall be separated from other storage areas by at least 
25 ft (7.62 m). 

3.3.16 Noncombustible Material. A material that, in the 
form in which it is used and under the conditions anticipated, 
will not ignite, burn, support combustion, or release flam- 
m ab 1 e va po rs wh e n s ubj e c te d to fi re o r h eat. Ma te rials th at are 
reported as passing ASTM E 136, Standard lest Method for Behav- 
ior of Materials in a Vertical Tube Furnace al 750°Q shall be con- 
sidered noncombustible materials. 

3.3.17 Pipe Schedule System. A sprinkler system in which 
the pipe sizing is selected from a schedule that is determined 
by th e occ u pan cy c 1 ass i f i cati o n a n d i n wh ich a give n nu m be r 
of sprinklers are allowed to be supplied from specific sizes of 
pipe. 

3.3.18* Reinforced Plastic Pallet. A plastic pallet incorporat- 
ing a secondary reinforcing material (such as steel or fiber- 
glass) within the pallet. 

3.3,19 Shop-Welded. As used in this standard, shop in the 
term .* hop-weUled m e a n s e i th e r ( 1 ) a s p r i n k 1 e r c o n tr a c to r ' s o r 



fabricator's premise or (2) an area specifically designed or 
authorized for welding, such as a detached outside location, 
m ain te n an ce sh op , o r o th e r a rea ( e i th e r te i ti po ra \~y o r p e r ma- 
il e n t) of n on com bus ti bl e or fi re- re s i s ti ve co n s tr u c ti o n f re e of 
combustible and flammable contents and suitably segregated 
from adjacent areas. 

3.3.20 Small Rooms . A roo m o f 1 i g 1 i t h aza rd occ u pa n cy cl as- 
sification having unobstructed construction and floor areas 
not exceeding 800 ft~ (74.3 nr) that are enclosed by walls and 
a ceiling. Openings to the adjoining space are permit ted if the 
minimum lintel depth is 8 in. (203 mm) from the ceiling. 

3.3.21 * Sprinkler System. For tire protection purposes, an 
integrated system of underground and overhead piping de- 
signed in accordance with fire protection engineering stan- 
dards. The installation includes one or more automatic water 
s u pp 1 ies . T he p o r ti o n o f th e s p r i n k 1 e r sys te m above g i o u n d i s a 
n e two rk of sp ec i ally size d o r hy d ra u 1 i c a 1 1 y d es i g n e cl p i p i n g i n - 
stalled in a building, structure, or area, generally overhead, 
and to which sprinklers are attached in a systematic pattern. 
Th e va 1 ve c o n tro 1 1 i n g ea c h sys te m ri set is 1 oca te cl in th e sys te m 
rise r o r i ts s u p ply pipin g . E ac h s p i i n kl e i s y s te m r i s e i i n c 1 u cl e s a 
device f o r ac tti at i n g a n a 1 a r m w h e 1 1 t h e sys tern is in o p e r a ti o n . 
The system is usually activated by heat from a fire and dis- 
charges water over the fire area. 

3.3.22 System Working Pressure . T h e m ax i m u m a n ti c i p ate d 
static (non flowing) or flowing pressure applied to sprinkler 
syste m c o m po n e n ts exc 1 u s i ve o f s u rge p ress ti re s . 

3.3.23 Thermal Barrier. A ma te rial th a t wi 1 1 limit th e ave rage 
temperature rise of the unexposed surface to not more than 
2 5 ° F ( 1 2 1 ° C ) after 1 5 m i n u tes o f fi re e x pos u re , wh i c h c o in - 
p lies wi th th e s ta n d a rd ti m e- te m pe ratu i e c u t ve o ( N FPA 251, 

Standard Methods of les Is of Fire Endurance of Building Construc- 
tion and, Materials. 

3.4 Sprinkler System Type Definitions. 

3.4.1 Antifreeze Sprinkler System. A wet pipe sprinkler sys- 
tem employing automatic sprinklers that are attach eel to a pip- 
ing system that contains an antifreeze solution and that are 
connected to a water supply. The antifreeze solution is dis- 
charged, followed by water, immediately upon operation of 
sprinklers opened by heat from a lire. 

3.4.2 Circulating Closed-Loop Sprinkler System. A wet pipe 
sprinkler system having non-lire protection connections to 
automatic sprinkler systems in a closed-loop piping ar range- 
men t for the pu rpose of u til i zi n g s pri n k le r pip i n g to co n cl net 
water for heating or cooling, where water is not removed or 
used from the system but only circulated through the piping- 
system. 

3.4.3 Combined Dry Pipe-Preaetion Sprinkler System. A 

sprinkler system employing automatic sprinklers attached to a 
piping system containing air under pressure with a supple- 
mental detection system installed in the same areas as the 
sprinklers. Operation of the detection system actuates trip- 
ping devices that open dry pipe valves simultaneously and 
without loss of air pressure in the system. Operation of the 
detection system also opens listed air exhaust valves at the end 
o f t h e fee d m ai n , wh i c h ti s ti al ly p re ce d es th e o pe n i ng o f s p r i n - 
klers. The detection system also serves as an automatic fire 
alarm system. 

3.4.4 Deluge Sprinkler System. A sprinkler system employ- 
i ng o pe n s p ri n kl e rs th a t a re a tta c h ed to a pi pi n g sys te in th at i s 



2002 Edition 



13-16 



INSTALLATION OF SPRINKLER SYSTEMS 



connected to a water supply through a valve that is opened by 
the operation of a detection system installed in the same areas 
as the sprinklers. When this valve opens, water flows into the 
piping system and discharges from all sprinklers attached 
thereto. 

3.4.5 D ry Pip e Sp rinkl e r System . A s p r inkier sys te m e m p 1 oy- 

ing automatic sprinklers that are attached to a piping system 
containing air or nitrogen under pressure, the release of 
wl i i c h ( as fro m th e op en i n g of a spr i n k le r ) pe r m i ts the wate r 
pressure to open a valve known as a dry pipe valve, and the 
water then flows into the piping system and out the opened 
sprinklers. 

3.4.6* Gridded Sprinkler System. A sprinkler system in which 
parallel cross mains are connected by multiple branch lines. 
An operating sprinkler will receive water from both ends of its 
branch line while other branch lines help transfer water be- 
tween cross mains. 

3.4.7* Looped Sprinkler System. A sprinkler system in which 
multiple cross mains are tied together so as to provide more 
than one path for water to flow to an operating sprinkler and 
bran c h 1 i n es a re n o t tie d toge th er. 

3.4.8* Preaction Sprinkler System. A sprinkler system em- 
ploying automatic sprinklers that are attached to a piping sys- 
tem that contains air- that might or might not be under pres- 
sure, with a supplemental detection system installed in the 
same areas as the sprinklers. 

3.4.9 Wet Pipe Sprinkler System. A sprinkler system employ- 
ing automatic sprinklers attached to a piping system contain- 
ing water and connected to a water supply so that water dis- 
charges immediately from sprinklers opened by heat from a 
fire. 

3.5* System Component Definitions. 

3.5.1 Branch Lines. The pipes in which the sprinklers are 
placed, either directly or through risers. 

3.5.2 Cross Mains. The pipes supplying the branch lines, ei- 
ther directly or through risers. 

3.5.3 Feed Mains. The pipes supplying cross mains, either 
directly or through risers. 

3.5.4 Flexible Listed Pipe Coupling. A listed coupling or fit- 
ting that allows axial displacement, rotation, and at least 1 
degree of angular movement of the pipe without inducing 
harm on the pipe. For pipe diameters of 8 in. (203.2 mm) and 
larger, the angular movement shall be permitted to be less 
than 1 degree but not less than 0.5 degree. 

3.5.5 Risers. The vertical supply pipes in a sprinkler system. 

3.5.6 Sprig-up. A line that rises vertically and supplies a 
single sprinkler. 

3.5.7 Supervisory Device. A device arranged to supervise the 
operative condition of automatic sprinkler systems. 

3.5.8 System Riser. The aboveground horizontal or vertical 
pipe between the water supply and the mains (cross or feed) 
that contains a control valve (either directly or within its sup- 
ply pipe) and a wate rf low alarm device. 

3.6 Sprinkler Definitions. 

3 . 6 . 1 * General . Th e fol 1 ow i n g a re c h aracte ris ti cs of a sprin- 
kler that define its ability to control or extinguish a fire, (a) 
Thermal sensitivity. A measure of the rapidity with which the 



thermal element operates as installed in a specific sprinkler or 
sprinkler assembly. One measure of thermal sensitivity is the 
response time index (RTI.) as measured under standardized 
test conditions. (1) Sprinklers defined as fast response have a 
thermal element with an RTI of 50 (meters-seconds) l/2 or less. 
(2) Sprinklers defined as standard response have a thermal 
element with an RTI of 80 (meters-seconds) w ~ or more, (b) 
Temperature rating, (c) Orifice size (see Chapter 6). (d) Instal- 
lation orientation (see 3.6.3). (e) Water distribution character- 
istics (i.e., application rate, wall wetting), (f) Special service 
conditions (see 3.6.4). 

3.6.2 Sprinkler Types. The following sprinklers are defined 
according to design and performance characteristics. 

3.6.2.1* Early Suppression Fast-Response (ESFR) Sprinkler. A 

type of fast-response sprinkler that meets the criteria of 
3.6.1(a)(1) and is lis te d f o r i ts ca pabi 1 i ty to p ro v i d e f i re su p- 
pression of s pecifi c h igh-c h all e n ge fr re hazards. 

3.6.2.2 Extended Coverage Sprinkler. A type of spray sprin- 
kle r wi th m ax i m u m cove rag e a re as as s p e c if r e d i n . S e c ti o n s 8 . 8 
and 8.9 of this standard. 

3.6.2.3 Large Drop Sprinkler. A type of specific application 
control mode sprinkler that is capable of producing character- 
istic large water droplets and that is listed for its capability to 
provide fire control of specific high-challenge fire hazards. 

3.6.2.4 Nozzles. A device for use in applications requiring 
special water discharge patterns, directional spray, or other 
unusual discharge characteristics. 

3.6.2.5 Old-Style/Conventional Sprinkler. A sprinkler that 
directs from 40 percent to 60 percent of the total water ini- 
tially in a downward direction and that is designed to be in- 
stalled with the deflector either upright or pendent. 

3.6.2.6 Open Sprinkler. A sprinkler that does not have actua- 
tors or heat-responsive elements. 

3.6.2.7* Quick-Response Early Suppression (QRES) Sprin- 
kler. A type of quick-response sprinkler that meets the criteria 
of 3.6.1(a)(1) and is listed for its capability to provide fire 
suppression of specific fire hazards. 

3.6.2.8 Quick-Response Extended Coverage Sprinkler. A 

type of quick-response sprinkler that meets the criteria of 
3.6.1(a)(1) and complies with the extended protection areas 
defined in Chapter 8. 

3.6.2.9 Quick-Response (QR) Sprinkler. A type of spray 
sprinkler that meets the criteria of 3.6.1 (a) ( 1 ) and is listed as a. 
quick-response sprinkler for its intended use. 

3.6.2.10 Residential Sprinkler. A type of fast-response sprin- 
kle r th at m e e ts th e c ri te r i a of 3.6.1(a) ( 1 ) th at h as been spe cifi- 
cally investigated for its ability to enhance survivability in the 
room of fire origin and is listed for use in the protection of 
dwelling units. 

3.6.2.11 Special Sprinkler. A sprinkler that has been tested 
and listed as prescribed in 8.4.9. 

3.6.2.12* Specific Application Control Mode Sprinkler (for 
Storage Use). A type of spray sprinkler listed at a minimum 
operating pressure with a specific number of operating sprin- 
klers for a given protection scheme. 

3.6.2.13 Spray Sprinkler. A type of sprinkler listed for its ca- 
pability to provide fire control for a wide range of fire hazards. 
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3.6.2.14 Standard Spray Sprinkler. A spray sprinkler with 
maximum coverage areas as specified in Sections 8.6 and 8.7 
of this standard. 

3.6.3 Installation Orientation. The following sprinklers are 
defined according to orientation. 

3.6.3.1 Concealed Sprinkler. A recessed sprinkler with cover 
plates. 

3.6.3.2 Flush Sprinkler. A sprinkler in which all or part of the 
body, including the shank thread, is mounted above the lower 
plane of the ceiling. 

3.6.3.3 Pendent Sprinkler. A sprinkler designed to be in- 
stalled in such a way that the water stream is directed down- 
ward against the deflector. 

3.6.3.4 Recessed Sprinkler. A spri n k le r i n wh i ch al 1 o r part of 
the body, other than the shank thread, is mounted within a 
recessed housing. 

3.6.3.5 Sidewall Sprinkler. A sprinkler having special deflec- 
tors that are designed to discharge most of the water away 
from the nearby wall in a pattern resembling one-quarter of a 
sphere, with a small portion of the discharge directed at the 
wall behind the sprinkler. 

3.6.3.6 Upright Sprinkler. A sprinkler designed to be in- 
stalled in such a way that the water spray is directed upwards 
against the deflector. 

3.6.4 Special Service Conditions. The following sprinklers 
are defined according to special application or environment. 

3.6.4.1 Corrosion-Resistant Sprinkler. A sprinkler fabricated 
with corrosion-resistant material, or with special coatings or 
platings, to be used in an atmosphere that would normally 
corrode sprinklers. 

3.6.4.2* Dry Sprinkler. A sprinkler secured in an extension 
nipple that has a seal at the inlet end to prevent water from 
entering the nipple until the sprinkler operates. 

3.6.4.3 Intermediate Level Sprinkler/Rack Storage Sprinkler. 

A sprinkler equipped with integral shields to protect its oper- 
ating elements from the discharge of sprinklers installed at 
higher elevations. 

3.6.4.4 Ornamental/Decorative Sprinkler. A sprinkler that 
has been painted or plated by the manufacturer. 

3.7 Construction Definitions. 

3.7.1* Obstructed Construction. Panel construction and 
other construction where beams, trusses, or other members 
impede heat flow or water distribution in a manner that mate- 
rially affects the ability of sprinklers to control or suppress a 
fire. 

3.7.2* Unobstructed Construction. Construction where 
beams, trusses, or other members do not impede heat How or 
water distribution in a manner that materially affects the abil- 
ity of sprinklers to control or suppress a fire. Unobstructed 
construction has horizontal structural members that are not 
solid, where the openings are at least 70 percent of the cross- 
section area and the depth of the member does not exceed 
the least dimension of the openings, or all construction types 
where the spacing of structural members exceeds 714 ft 
(2.3 m) on center. 



3.8 Private Water Supply Piping Definitions. 

3.8.1* Private Fire Service Main . P r i vale 11 re se rvi ce m ai n , as 
used in this standard, is that pipe and its appurtenances on 
private property (1) between a source of water and the base of 
the system riser for water-based fire protection systems, (2) 
between a source of water and inlets to foam-making systems, 
(3) between a source of water and the base elbow of private 
hydrants or monitor nozzles, and (4) used as fire pump suc- 
tion and discharge piping, (5) beginning at the inlet side of 
the check valve on a gravity or pressure tank. 

3.9 Palletized, Solid Pile, Bin Box, and Shelf Storage Defi- 
nitions. 

3.9.1 Array. 

3.9.1.1 ClosedArray. A storage arrangement where air move- 
ment through the pile is restricted because of 6-in. (152-mm) 
or less vertical flues. 

3.9.1.2* Open Array. A s to rage ar ran ge m c n t wh e re ai r m ove- 
ment through the pile is enhanced because of vertical flues 
larger than 6 in. (152 mm). 

3.9.2* Available Height for Storage. The maximum height at 
which commodities can be stored above the floor and still 
maintain adequate clearance from structural members and 
the required clearance below sprinklers. 

3.9.3 Bin Box Storage. Storage in five-sided wood, metal, or 
cardboard boxes with open face on the aisles. Boxes are self- 
supporting or supported by a structure so designed that little 
or no horizontal or vertical space exists around boxes. 

3.9.4 Clearance. The distance from the top of storage to the 
ceiling sprinkler deflectors. 

3.9.5 Commodity. Combinations of products, packing mate- 
rial, and con ta i n e r u po n wh i c h th eco m m od i ty c 1 ass i fi ca ti o n i s 
based. 

3.9.6* Compartmented. The rigid separation of the products 
in a container by dividers that form a stable unit under fire 
conditions, 

3.9.7* Container (Shipping, Master, or Outer Container). A 

receptacle strong enough, by reason of material, design, and 
construction, to be shipped safely without further packaging. 

3.9.8 Encapsulation. A method of packaging consisting of a 
plastic sheet completely enclosing the sides and top of a pallet- 
load containing a combustible commodity or a combustible 
package or a group of combustible commodities or combus- 
tible packages. Combustible commodities individually 
wrapped in plastic sheeting and stored exposed in a pallet 
load also are to be considered encapsulated. Totally noncom- 
bustible commodities on wood pallets enclosed only by a plas- 
tic sheet as described are not covered under this definition. 
Ban di ng (i.e. , s tre tch-wrapp i n g a ton n d th e s id es on 1 y of a pal- 
let load) is not considered to be encapsulation. Where there 
are holes or voids in the plastic or waterproof cover on the top 
of the carton that exceed more than half of the area of the 
cover, the term encapsulated does not apply. The term encapsu- 
lated d oes n o t ap p ly to pi as ti c-e n cl ose d p rod u c ts o r packa ges 
inside a large, n on plastic, enclosed container. 

3.9.9 Expanded (Foamed or Cellular) Plastics. Those plas- 
tics, the density of which is reduced by the presence of numer- 
ous small cavities (cells), interconnecting or not, dispersed 
throughout their mass. 
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3.9.10 Exposed Group A Plastic Commodities. Those plas- 
tics not in packaging or coverings that: absorb water or other- 
wise appreciably retard the burning hazard of the commodity. 
(Paper wrapped or encapsulated, or both, should be consid- 
ered exposed.) 

3.9.11 Free-Flo wi ng PI as tic Materials . T h ose pi a sti cs t h a t fa 1 1 

o i i t o 1 tli e i i ■ co n ta i .ne rs d u ri n g a il re , II 1 1 11 u e s p a ces , a n d c reate 
a s in o th e ri n g e lie c t o n th e 11 re . Ex am pi es i n c 1 u d e powd e r, pe 1- 
lets, (lakes, or random-packed small objects [e.g., razor blade 
dispensers, 1-oz to 2-oz (28-g to 57-g) bottles]. 

3.9.12 Packaging. A commodity wrapping, cushioning, or 
container. 

3.9.13 Pall eti zed S to rage . S to ra ge of co m in od i ti e s on p a .1 1 e ts 
or other storage aids that form horizontal spaces between tiers 
of storage. 

3.9.14* Pile Stability^ Stable Piles. Those arrays where col- 
lapse, spillage of content, or leaning of stacks across flue 
spaces is not likely to occur soon after initial fire development. 

3.9.15* Pile Stability, Unstable Piles. Those arrays where col- 
lapse, spillage of contents, or leaning of stacks across 11 tie 
s p a c e s o c c u i s s o o n a f te r i 1 1 i t i a 1 11 1 e d e v e lop m e n t . 

3.9.16 Roo f Height. Th e d i s ta n c e be twee n th e 11 oo r an d the 
l i n d e rs i d e of th e roof d e c k w i th i n th e s tora ge a r ea . 

3.9.17 Shelf Storage, Storage on structures less than 30 in. 
( 76 . 2 c m ) d e e p w i th s h e 1 ves u s u a 1 1 y 2 ft ( . 6 m ) a p a r I ve rti call y 
a n d s e p a ra ted b y a p p r o x i in a te 1 y 3 0- i n . ( 7 6 . 2-c m ) aisles. 

3.9.18 Solid Unit Load of a Nonexpanded Plastic (Either Car- 
toned or Exposed). A load that does not have voids (air) 
within the load arid that, burns only on the exterior of the load; 
water from sprinklers might reach most surfaces available to 
burn. 

3.9.19 S torage Ai ds. Co in m od i ty s to ra ge d e vi ces, s u c h as p al - 
lets., dunnage, separators, and skids. 

3.9.20 Unit Load . A pal 1 e 1 1 oad o r m o d u 1 e h el d toge th e r i n 
some in a n n e r a n d n o rm a 1 ly ti a n spo rted by m a te rial h and 1 i ng 
equipment. 

3.10 Rack Storage Definitions. 

3.10.1* Aisle Width. The horizontal dimension between 
the lac e of t h e 1 o a d sin ra c ks u n d e i - c o n s i d e ra ti o n . (See Fig- 
ure A. 3 A 0.1 .) 

3.10.2 B ulkhead . A ve r ti ca I ba 1 1 i e r ac ross th e ra c k. 

3.10.3 Cartoned. A method of storage consisting of corru- 
ga ted ca rd b oa rd o r pape r boa rd c o n ta i ne rs In 1 3 y e n c 1 osin g th e 
commodity. 

3.10.4* Conventional Pallets. A material-handling aid de- 
s i ^n e d to s 1 1 p p o r t a u n i 1 1 oa d w i th. ope n i n gs to p ro vid e ac ce ss 
fo r in ate ri a 1-h a n d 1 i n g d evi ces. (See Figure A . 3. 1 0. 4. ) 

3.10.5 Face Sprinklers. Standard sprinklers that are located 
in transverse flue spaces along the aisle or in the rack, are 
w i th in 18 in. ( . 46 m ) o 1 th e a is 1 e la ce of s to rage , and a re used 
to oppose vertical development of 11 re on the external face of 
storage. 

3.10.6 Horizon tal Barrier. A so 1 i d barr i e r i n th e h o ri zo n tal 
position covering the entire rack, including all Hue spaces at 
c e r ta i n h e i g h t i n c re m e n ts , to p re ve n t ve rti cal 11 re spre ad . 



3.10.7* Longitudinal Flue Space. The space between rows of 
storage perpendicular to the direction of loading. (See Figure 
A. 3. 10.7.) 

3.10.8* Rack. Any com b i n a ti o n of ver ti cal , h o r i zon ta 1 , an d 
diagonal members that supports stored materials. Some rack 
structures use solid shelves. Racks can be fixed, portable, or 
movable. Loading can be either manual — using lift trucks, 
stacker cranes, or hand placement — or automatic — using 
m a ch i n e-co n t ro lied s torage an d re tri e val sys te ins . 

3.10.8.1 Double-Row Racks. Two single-row racks placed 
back-to-back having a combined width up to 12 ft (3.7 m), with 
aisles at least 3.5 ft (1.1 m) on each side. 

3.10.8.2 Movable Racks . Ra c ks o n fixed ra i 1 s o r guides . Th ey 
can be moved back and forth only in a horizontal, two- 
dimensional plane. A moving aisle is created as abutting racks 
a re e i th e r load e d or 1 1 n I oad e d , th e n move d ac ross t h e a is 1 e to 
abut other racks. 

3.10.8.3 Multiple-Row Racks. Rac ks greater than 1 2 ft (3.7 m ) 
wide or single- or double-row tacks separated by aisles less 
than 3.5 ft (1.1 m) wide having an overall width greater than 

12 ft: (3.7 m). 

3.10.8.4 Portable Racks. Racks that are not: fixed in place. 
Th ey ca n be a rra nge d i n a n y n u m be r o f con fi g u ra ti on s . 

3.10.8.5 Single-Row Racks. Racks that have no longitudinal 
Hue space and that have a width up to 6 ft (1.8 m) with aisles at 
1 e a s t 3 . 5 ft (1.1 m ) 1 to m o th e r s torage . 

3.10.9 Slave Pallet. A special pallet captive to a material- 
h an d 1 i n g sys te m . (See Figure A .3.10.4.) 

3.10.10 Solid Shelving. So lids h el vi n g is fixed i n pi ace , slatted, 
wire mesh or other type of shelves located within racks. The area 
of a solid shelf is defined by perimeter aisle or Hue space on all 
four sides. Solid shelves having an area equal to or less than 20 ft 2 
shall be defined as open racks. Shelves of wire mesh, slates, or 
other materials more than 50 percent open and where the flue 
spaces are maintained shall be defined as open racks. 

3.10.11 Transverse Flue Space. Th e space be tween rows of s tor- 
age parallel to the direction of loading. (See Figure A. 3. 10. 7.) 

3.11 Rubber Tire Storage Definitions. 

3.11.1 Banded Tires . A s torage in e t h od i n w h i c h a n u m be r o f 
tires are strapped together. 

3.11.2 Horizontal Channel. Any uninterrupted space in ex- 
cess of 5 ft (1.5 m) in length between horizontal layers of 
stored tires. Such channels can be formed by pallets, shelving, 
racks, or other storage arrangements. 

3.11.3 Laced Tire Storage . Ti re s s tore d w he re th e s i de s of th e 

ti res ove r 1 ap , ere all n g a wove n o r 1 a ce d a ppe ara n ce . [See Figure 
A. 3.1 1.9(g).] 

3.11.4* Miscellaneous Tire Storage. The storage of rubber 
ti res th at i s i n c i d e n ta 1 to th e m a i n use of th e b u i 1 d i n g . S to ra ge 
areas shall not. exceed 2000 ft 2 (.186 m 2 ). On-tread storage 
piles, regardless of storage method, shall not exceed 25 ft 
(7.6 m) in the direction of the wheel holes. Acceptable storage 
arrangements include (a) on-floor, on-side storage up to 12 ft 
(3.7 m) high; (b) on-floor, on-tread storage up to 5 ft (1.5 in) 
high; (c) double-row or multirow fixed or portable rack stor- 
age on-side or on-tread up to 5 ft (1.5 in) high; (d) single row 
fixed or portable rack storage on-side or on-tread up to 12 ft 
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(3.7 m) high; and (e) laced (ires in racks up to 5 ft (1.5 m) in 
height. 

3.11.5 On-Side Tire Storage. Tires stored horizontally or flat. 

3.11.6 On-Tread Tire Storage. Tires stored vertically or on 
their treads. 

3.11.7 Palletized Tire Storage. Storage on portable racks of 
va ri o us ty pe s u ti 1 i v.. i n g a co n ve n tio n al pallet as a base . 

3.11.8 Pyranii d Tire Storage . O n-f 1 o o r s to rage i n wh i c h ti res 

are fo rm ed i n to a py ra in i d to p rovi d e p i 1 e s ta b i 1 i ty. 

3.11.9^ Rubber Tire Raek Illustrations. See Figu re A. 3 .11.9(a) 
th rough Figu re A. 3. 1 1 .9(g) . 

3.11.10 Rubber Tires. Pneumatic tires for passenger auto- 
mobiles, aircraft, light and heavy trucks, trailers, farm equip- 
ment, construction equipment (off-the-road), and buses. 

3.12 Baled Cotton Definitions. 

3.12.1* Baled Cotton. A natural seed liber wrapped and se- 
emed in industry-accepted materials, usually consisting of bur- 
lap, woven polypropylene or sheet polyethylene, and secured 
with steel, synthetic or wire bands, or wire; can also include 
1 inters (lint removed from the cottonseed) and motes (re- 
s i d u al m ate ri al s fro m th e gi n n i n g p ro cess ) . (See Table A. 3 J. 2.1.) 

3.12.2 Block Cotton Storage, The number of bales closely 
stacked in cubical form and enclosed by aisles or building 
sides, or both. 

3.12.3 Cold Cotton. Baled cotton live or more days old after" 
the ginning process. 

3.12.4 Fire-Packed. A bale within which a fire has been 
packed as a result of a process, with ginning being the most 
frequent cause. 

3.12.5 Naked Cotton Bale. A bale secured with wire or steel 
straps without wrapping. 

3.13 Roll Paper Definitions. 

3.13.1 Array (Paper). 

3.13.1.1 Closed Array (Paper). A vertical storage arrange- 
ment in which the distances between columns in both direc- 
tions are short [not more than 2 in. (50 mm) in one direction 
and 1 in. (25 rnm) in the other]. 

3.13.1.2 Open Array (Paper). A vertical storage arrangement 
in which the distance between columns in both directions is 
lengthy (all vertical arrays other- than closed or standard). 

3.13.1.3* Standard Array (Paper) . A ve r ti cal s to rage ar ran ge- 
nii e n t i n w h i c h t h e cl i s ta n c e b e twe e n c o lumns i n o n e d i re c ti o n 
is short 1 1 in. (25 mm) or less] and is in excess of 2 in. 
( 5 m m ) in th e o th e r ■ d i re c ti o n . 

3.13.2 Banded Roll Paper Storage. Rolls provided with a cir- 
cu m fe re n ti a 1 s te el s trap [ -Ks in. (9.5 m m ) o r wider] at each e n d 
of the roil. 

3.13.3 Column . A s i n gi e ve r ti cal s tack o f ro lis. 

3.13.4 Core. The central tube around which paper is wound 
to form a roll. 

3.13.5 Paper (General Term). The term for all kinds of 
fe 1 te cl s h e e ts m ad e fro m n atu ral fi b ro us m a te ri a 1 s , usual 1 y veg- 
e table but so m e ti m es m i n e ra 1 o r a n i m a 1 , an cl fo r me d o n a fi n e 
w i re s c re e n fro m wa te i * s u s p e n s i o n . 



3.13.6 Roll Paper Storage. 

3. 13.6. 1 Horizontal Roll Paper Storage. Rol Is sto \cd wi th th e 

cores in the horizontal plane (on-side storage). 

3.13.6.2 Vertical Roll Paper Storage. Rolls stored with the 
cores in the vertical plane (on-end storage). 

3 . 1 3 . 6 . 3 * Wrapp e d Ro 11 Pap e r S t o rage . R o 1 1 s p i "O v i cl e cl w i th a 

co m p 1 e te h e avy k raft cove r i n g a r on n cl bo th s i cl es a n d e n cl s . 

3.13.7* Roll Paper Storage Height. The maximum vertical 
di s ta n ce above th e 11 o o r a t w hi c h i o 1 1 pa pe r i s n o r m a 1 1 y s to i ed . 

3.14 Marine Def in iti ons . These d e fi n i ti o n s a p p 1 y to C 1 1 ap te r 
17 only. 

3.14.1 A-Class Boundary. A boundary designed to resist the 
passage of smoke and flame for 1 hour when tested in accor- 
dance with ASTM E 119, Standard Test Methods for Fire Tests of 
Building Construction and, Materials. 

3.14.2 B-Class Boundary. A boundary designed to resist the 

p ass age: o f 11 a m e f o r V i ± h a uv wl i e 1 1 te s te d i n ac c o r ck ui c e w i th 
ASTM E 119, Standard Test Methods for Fire Tests of Building Con- 
struction and, Materials. 

3.14.3 Central Safety Station A continuously manned con- 
trol station from which all of the fire control equipment is 
m o n i to re d . If th i s s ta ti o n i s n o t tli e b rid ge , cl i r ec t; co m m 1 1 n i ca- 
tion with the bridge shall be provided by means other than the 
sh i p ' s se rvi c e tel e p h o n e . 

3.14.4* Heat-Sensitive Material. A material whose melting 
point is below 1700°F (926.7X). 

3.14.5 Heel. The inclination of a ship to one side. 

3 . 1 4.6 Heel Angle. Th e an gle deli n ed by th e in tersec ti on o f 
a vertical line through the center of a vessel and a line per petr- 
el i c u 1 a r to th e s u r lace o f t h e w a te r. 

3.14.7 International Shore Connection. A universal connec- 
tion complying with ASTM F 1121, Standard Specification for 

International Shore Connections for Marine Fire Applications, to 
which shoreside fire-lighting hose are to be connected. 

3.14.8* Marine System. A sprinkler system installed on a ship, 
boat, or other floating structure that takes its supply from the 
water on which the vessel floats. 

3.14.9* Marine Thermal Barrier. An assembly that is con- 
structed of noncombustible materials and made intact with 
the main structure of the vessel, such as shell, structural bulk- 
heads, and decks. A marine thermal barrier shall meet the 
requirements of a B-Class boundary. In addition, a marine 
thermal barrier shall be insulated such that, if tested in accor- 
dance with ASTM E 1 19, Standard Test Methods for Fire Tests of 
Building Construction and Materials, for 15 minutes, the average 
temperature of the unexposed side does not rise more than 
2 5 ° F (1 9 3 ° C ) above th e origi n a 1 te m p e ra tu re , n o r does th e 
temperature at any one point, including any joint, rise more 
than 405 °F (225°C) above the original temperature. 

3.14.10 Supervision. A visu al a n cl and i bl e alarm si gn a 1 gi ve n 
at the central safety station to indicate when the system is in 
operation or when a condition that would impair the satisfac- 
tory operation of the system exists. Supervisory alarms shall 
give a distinct indication for each individual system cotnpo- 
n e n t th at i s m o n i to red . 



2002 Edition 



13-20 



INSTALLATION OF SPRINKLER SYSTEMS 



3.14.11 Survival Angle . Th e m ax i m u m an gl e to which a ves- 
sel is permitted to heel after the assumed damage required by 
stability regulations is imposed. 

3.14.12 Type 1 S tair. A f u live n cl ose d s tai r th at se rves all 1 ev- 
els of a vessel in which persons can be employed. 

3.14.13 Marine Water Supply. The supply portion of the 
sprinkler system from the water pressure tank or the sea suc- 
tion of the designated sprinkler system pump up to and in- 
ch i d i n g th e va J ve th at i so 1 a te s the sp ri n kl e r syste m from these 
two water sources. 



Chapter 4 General Requirements 

4.1 Level of Protection. A building, where protected by an 
an to m a ti c s p r i n k le r sys te m i n s tal la tio n , sh al 1 be p rovide d wi th 
spr i n k 1 e rs i n a 1 i a re as ex ce p t wh ere spe cif i c sec tio n s of th i s 
standard permit the omission of sprinklers. 

4.2 Limited Area Systems. 

4.2.1 When partial sprinkler systems are installed, the re- 
quirements of this standard shall be used insofar as they are 
applicable. 

4.2.2 The authority having jurisdiction shall be consulted in 
each case. 

4.3 Owners' Certificate. The owner (s) of a building or struc- 
ture where the lire sprinkler system is going to be installed or 
their authorized agent shall provide the sprinkler systems in- 
staller with the following information prior to the layout and 
d e tai 1 i n g of th e 11 re s p rinkl e r sys te m ( See Figure A . 14.1 (b)) : 

( 1 ) I n te n c\ed u se of th e b ti i I d i ng i n cludi n g th e m ate rials wi thi n 
the building and the maximum height of any storage 

( 2 ) A pre 1 i mi n a ry p 1 an of th e b u i 1 d i n g or s tru c tu re along with 
the design concepts necessary to perform the layout and 
d e ta i 1 for th e f i re s p r i n k 1 e r sys te in 

(3) Any special knowledge of the water supply including 
known environmental conditions that might be respon- 
sible for microbiologically influenced corrosion (MIC) 



Chapter 5 Classification of Occupancies and 
Commodities 

5.1* Classification of Occupancies. 

5.1.1 Occupancy classifications for this standard shall relate 
to sprinkler design, installation, and water supply require- 
ments only. 

5.1.2 Occupancy classifications shall not be intended to be a 
general classification, of occupancy hazards. 

5.2* Light Hazard Occupancies. Light hazard occupancies 
s h a 11 be d e f i n e d a s o c c u pa n c i e s o r p o r ti o n s of o th e r o c c u - 
pancies where the quantity and /or combustibility of con- 
te n ts i s 1 o w a n d fi re s w i (; h re 1 a ti ve 1 y 1 o w ra te s of h e at r e 1 e as e 
are expected. 

5.3 Ordinary Hazard Occupancies. 

5.3.1* Ordinary Hazard (Group 1). Ordinary hazard (Group 
1) occupancies shall be defined as occupancies or portions of 
other occupancies where combustibility is low, quantity of 
combustibles is moderate, stockpiles of combustibles do not 



exceed 8 ft (2.4 m), and fires with moderate rates of heat 
release are expected. 

5.3.2* Ordinary Hazard (Group 2). Ordinary hazard (Group 
2) occupancies shall be defined as occupancies or portions of 
other occupancies where the quantity and combustibility of 
contents are moderate to high, stockpiles do not exceed 12 ft 
(3.7 m), and fires with moderate to high rates of heat release 
are expected. 

5.4 Extra Hazard Occupancies. 

5.4.1* Extra Hazard (Group 1). Extra hazard (Group I ) occu- 
pancies shall be defined as occupancies or portions of other 
occupancies where the quantity and combustibility of con- 
tents are very high and dust, lint, or other materials are 
present, introducing the probability of rapidly developing 
fires with high rates of heat release but with little or no com- 
bustible or flammable liquids. 

5.4.2* Extra Hazard (Group 2). Extra hazard (Group 2) occu- 
pancies shall be defined as occupancies or portions of other 
occupancies with moderate to substantial amounts of flam- 
mable or combustible liquids or occupancies where shielding 
of combustibles is extensive. 

5.5* Special Occupancy Hazards. 

5.6* Commodity Classification. See Section C.2. 

5.6.1 General. 

5.6.1.1* Classification of Commodities. 

5.6.1.1.1 Commodity classification and the corresponding 
protection requirements shall be determined based on the 
makeup of individual storage units (i.e., unit load, pallet 
load). 

5.6.1.1.2 When specific test data of commodity classification 
by a nationally recognized testing agency are available, the 
data shall be permitted to be used in determining classifica- 
tion of commodities. 

5.6.1.2 Mixed Commodities. 

5.6.1.2.1 Protection requirements shall not be based on the 
overall commodity mix in a fire area. 

5.6.1.2.2 U n less th e re q u i re men ts of 5 . 6 . 1 . 2 . 3 o r 5 . 6. 1. 2 . 4 are 
met, mixed commodity storage shall be protected by the re- 
quirements for the highest classified commodity and storage 
arrangement. 

5.6.1.2.3 The protection requirements for the lower com- 
modity class shall be permitted to be utilized where all of the 
following are met: 

(1) Up to 10 pallet loads of a higher hazard commodity, as 
described in 5.(5.3 and 5.6.4, shall be permitted to be 
present in an area not exceeding 40,000 ft 2 (3716 m 2 ) . 

(2) The higher hazard commodity shall be randomly dis- 
persed with no adjacent loads in any direction (including 
diagonally) . 

(3) Where the ceiling protection is based on Class I or Class II 
commodities, the allowable number of pallet loads for 
Class IV or Group Aplastics shall be reduced to five. 

5.6.1.2.4 Mixed Commodity Segregation. The protection re- 
quirements for the lower commodity class shall be permitted 
to be utilized in the area of lower commodity class, where the 
higher hazard material is confined to a designated area and 
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the area is protected to the higher hazard in accordance with 
th e requ i re m e n ts of th i s s tan d ard . 

5.6.2 Pallet Types. 

5.6.2.1 When loads are palletized, the use of wooden or metal 
pallets shall be assumed in the classification of commodities. 

5.6.2.2 For Class I through Class TV. when unrein forced 
polypropylene or high -density polyethylene plastic pallets are 
used, the classification of the commodity unit shall be in- 
creased one class (e.g., Class III will become Class IV and Class 
IV will become cartoned unexpanded Group A plastics). 

5.6.2.3 For Class I through Class IV, when reinforced polypro- 
pylene or high-density polyethylene plastic pallets are used, 
the classification of the commodity unit shall be increased two 
classes (e.g., Class II will become Class IV and Class III will 
become cartoned unexpanded Group A plastic commodity). 
Reinforced polypropylene or reinforced high-density polyeth- 
ylene plastic pallets shall be marked with a molded symbol to 
indicate that the pallet is reinforced. 

5.6.2.4 For Class I through Class TV when other than polypro- 
pylene or high-density polyethylene plastic pallets are used, 
the classification of the commodity unit shall be determined 
by specific testing conducted by a national testing laboratory 
or shall be increased two classes. 

5.6.2.5 No increase in the commodity classification shall be 
required for Group A plastic commodities stored on plastic 
pallets. 

5.6.2.6 For ceiling-only sprinkler protection, the require- 
ments of 5.6.2.2 and 5.6.2.3 shall not apply where plastic pal- 
lets are used and where the sprinkler system uses spray sprin- 
klers with a K-f actor of 16.8. 

5.6.2.7 Th e requ i re m e n ts of 5.6.2.2 th rough 5 . 6 . 2 . 4 s h al 1 n o t 
apply to n on wood pallets that have demonstrated a lire hazard 
that is equal to or less than wood pallets and are listed as such. 

5.6.3* Commodity Classes. 

5.6.3.1* Class I. A Class I commodity shall be defined as a 
n on combustible product that meets one of the following- 
criteria: 

(1) Placed directly on wooden pallets 

(2) Placed in single-layer corrugated cartons, with or with- 
out single-thickness cardboard dividers, with or without 
pallets 

(3) Shrink-wrapped or paper-wrapped as a unit load with or 
without pallets 

5.6.3.2* Class II. A Class II commodity shall be defined as a 
noncombustible product that is in slatted wooden crates, solid 
wood boxes, multiple-layered corrugated cartons, or equiva- 
lent combustible packaging material, with or without pallets. 

5.6.3.3* Class III. 

5.6.3.3.1 A Class III commodity shall be defined as a product 
fashioned from wood, paper, natural fibers, or Group C plas- 
tics with or without cartons, boxes, or crates and with or with- 
out pallets. 

5.6.3.3.2 A Class III commodity shall be permitted to contain 
a limited amount (5 percent by weight or volume or less) of 
Group A or Group B plastics. 



5.6.3.4* Class IV. 

5.6.3.4.1 A CI a ss I V c o m m o d i ty s h al 1 b e d e fi n e d as a p r od - 
u c t , wi th o r wi th o u t p al 1 e ts , th a t; m e e ts o n e o f th e f o 1 1 o w i n g 
criteria: 

(1) Constructed partially or totally of Group B plastics 

( 2 ) Co nsists of free-flowing G rou p A p 1 astic ma te rials 

(3) Contains within itself or its packaging an appreciable 
amount (5 percent to 15 percent by weight or 5 percent to 
25 percent by volume) of Group A plastics 

5.6.3.4.2 The remaining materials shall be permitted to be 
m e tal , wood , paper, n a in ral o r sy n th e tic li be rs , o r G rou p B o r 
Group C plastics. 

5.6.4* Classification of Plastics, Elastomers, and Rubber. Plas- 
tics, elastomers, and rubber shall be classified as Group A, 
Group B, or Group C. 

5.6.4.1* Group A. Th e f o 1 1 owi ngm ate rials s h al 1 be cl ass i fi e d as 
Group A: 

( 1 ) AB S ( ac ry 1 o n i t r i 1 e- b u tad i e n e-s ty re n e c o p o 1 y i n e i ) 

( 2 ) Ace tal ( polyfo rm al d e h yd e ) 

(3) Acrylic (polymethyl methacrylate) 

(4) Butyl rubber 

(5) EPDM (ethylene-propylene rubber) 

( 6 ) FRP ( fi be rgi ass- re i n forced pol yes te r ) 

(7) Natural rubber ( if expa n dec! ) 

( 8 ) Ni tri 1 e-r u bbe r ( ac tyi o n i tri 1 e-bi 1 1 a d i e n e- r ubbe r ) 

(9) PET (thermoplastic polyester) 

(10) Polybutadiene 

(11) Polycarbonate 

(12) Polyester elastomer 

(13) Polyethylene 

(14) Polypropylene 

(15) Polystyrene 

(16) Polyurethane 

(17) PVC (polyvinyl chloride — highly plasticized, with plas- 
ticine r co n te n t great e r than 20 p e rce n t) ( rare 1 y f ou n d ) 

(18) SAN (s tyre n e acryl on i tri 1 e ) 

(19) SBR (styrene-butadiene rubber) 

5.6.4.2 Group B . Th e f ollowi ng m a te r i a 1 s s h a 1 1 be c 1 ass i fi eel as 
Group B: 

(1) Cellulosics (cellulose acetate, cellulose acetate butyrate, 
ethyl cellulose) 

(2) Chloroprene rubber 

(3) Fluoroplastics (ECTFE — ethylene-chlorotrifluoroethylene 
copolymer; ETFE — ethylene-te trail no roe thylene-co polymer; 
FEP — fluorinated ethylene-propylene copolymer) 

(4) Natural rubber (not expanded) 

(5) Nylon (nylon 6, nylon 6/6) 

(6) Silicone rubber 

5.6.4.3 Group C. The following materials shall be classified as 
Group C: 

( 1 ) FI tioropl asti cs ( PCTFE — polye hi o ro tri 11 no roe th yl ene; 
PTFE — poly te trail u o roe thy] e n e ) 

(2) Melamine (melamine formaldehyde) 

(3) Phenolic 

(4) PVC (polyvinyl chloride — flexible — PVCs with plasti- 
cizer content up to 20 percent) 

(5) PVDC (polyvinyl] dene chloride) 

(6) PVDF (polyvinylidene fluoride) 

(7) PVF (polyvinyl fluoride) 

(8) Urea (urea formaldehyde) 
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5.6.5* Classification of Rolled Paper Storage. For the pur- 
poses of this standard, the classifications of paper described in 
5 . 6 . 5 . 1 th ro u g h 5 . 6 . 5 . 4 s h al 1 apply and s hall be used to d e te r- 
mine the sprinkler system design criteria. 

5.6.5.1 Heavyweight Class. Heavyweight class shall be defined 
so as to include paperboard and paper stock having a basis 
weight [weight per 1000 ft* (92.9 m 2 )] of 20 lb (9.1 kg). 

5.6.5.2 Medium weight Class. Medium weight class shall be de- 
fined so as to include all the broad range of papers having a 
basis weight [weight per 1000 ft 2 (92.9 m 2 )] of 10 lb to 20 lb 
(4.5 kg to 9.1 kg)" 

5.6.5.3 Lightweight Class. Lightweight class shall be defined 
so as to include all papers having a basis weight [weight per 
1000 ft- (92.9 m~)] of 10 lb (4.5 kg) . 

5.6.5.4 Tissue. 

5.6.5.4.1 Tissue shall be defined so as to include the broad 
range of papers of characteristic gauzy texture, which, in some 
cases, are fairly transparent. 

5.6.5.4.2 For the purposes of this standard, tissue shall be 
defined as the soft, absorbent type, regardless of basis weight 
— specifically, crepe wadding and the sanitary class including 
facial tissue, paper napkins, bathroom tissue, and toweling. 



Chapter 6 System Components and Hardware 

6.1 General. This chapter provides requirements for correct 
use of sprinkler system components. 

6.1.1* Listing. 

6.1.1.1 Mate ri al s o r d e vi ces no t s pe c i Ilea 1 ly d esign ate d by th is 
standard shall be used in accordance with all conditions, re- 
quirements, and limitations of their special listing. All special 
listing requirements shall be included and identified in the 
product submittal literature and installation instructions. 

6.1.1.2 Unless the requirements of 6.1.1.3, 6.1.1.4, or 6.1.1.5 
are met, all materials and devices essential to successful system 
operation shall be listed. 

6.1.1.3 Equipment as permitted in Table 6.3.1.1 and Table 

6.4.1 shall not be required to be listed. 

6.1.1.4 Materials meeting the requirements of 9.1.1.2, 
9.1.1.4.2, and 9.1.1.4.3 shall not be required to be listed. 

6.1.1.5 Components that do not affect system performance 
such as drain piping, drain valves, and signs shall not be re- 
quired to be listed. 

6.1.2 Reconditioned Components. 

6.1.2.1 The use of reconditioned valves and devices as re- 
placement equipment in existing systems shall be permitted. 

6.1.2.2 Reconditioned sprinklers shall not be permitted to be 
u ti 1 i ze d o n an y n e w o r exis t i n g sys te m . 

6.1.3 Rated Pressure. System components shall be rated for 
the maximum system working pressure to which they are ex- 
posed but shall not be rated at less than 175 psi (12.1 bar) for 
components installed aboveground and 150 psi (10.4 bar) for 
c o m po n e n ts i n s ta lied u n de rgrou n d . 



6.2 Sprinklers. 

6.2.1 General. Only new sprinklers shall be installed. 

6.2.2* Sprinkler Identification. 

6.2.2.1 All sprinklers shall be permanently marked with a 
one- or two-character manufacturer symbol, followed by three 
or four numbers, so as to identify a unique sprinkler identifi- 
cation for every change in orifice size or shape, deflector char- 
acteristic, pressure rating, and thermal sensitivity. 

6.2.2.2 The requirements of 6.2.2 shall become effective on 
January 1,2001. 

6.2.3 Sprinkler Discharge Characteristics. 

6.2.3.1* General. Unless the requirements of 6.2.3.2, 6.2.3.3, 
or 6.2.3.4 are met, the K-factor, relative discharge, and mark- 
ing identification for sprinklers having different orifice sizes 
shall be in accordance with Table 6.2.3.1 . 

6.2.3.2 Pipe Threads. Listed sprinklers having pipe threads 
different from those shown in Table 6.2.3.1 shall be permitted. 

6.2.3.3 K-Factors Greater Than 28. Sprinklers listed with 
nominal K-f actors greater than 28 shall increase the flow by 
100 percent increments when compared with a nominal K-5.6 
sprinkler. 

6.2.3.4 Residential Sprinklers. Residential sprinklers shall be 
permitted with K-factors other than those specified in Table 
6.2.3.1. 

6.2.3.5 Large Drop and ESFR K-Factors. Large drop and 
ESFR sprinklers shall have a minimum nominal K-factor of 
11.2. 

6.2.3.6 ESFR Orifice Size. ESFR sprinkler orifice size shall be 
selected as appropriate for the hazard. (See Chapter 12.) 

6.2.4 Occupancy Limitations. Unless the requirements of 
6.2.4.1 or 6.2.4.2 are met, sprinklers shall not be listed for 
protection of a portion of an occupancy classification. 

6.2.4.1 Residential Sprinklers. Residential sprinklers shall be 
permitted to be listed for portions of residential occupancies 
as defined in 8.4.5.1. 

6.2.4.2 Special Sprinklers. Special sprinklers shall be permit- 
ted to be listed for protection of a specific construction feature 
in a portion of an occupancy classification. (See 8.4.9.) 

6.2.5* Temperature Characteristics. 

6.2.5.1 Au tomati c spri n k 1 e rs s h al 1 h ave th eir f ram e arm s , d e- 
fl ec tor, coa tin g ma te ri al , or liq u id b u 1 b co 1 o red i n acco rda nee 
with the requirements of Table 6.2.5.1 or the requirements of 
6.2.5.2, 6.2.5.3, 6.2.5.4, or 6.2.5.5. 

6.2.5.2 A dot on the top of the deflector, the color of the 
coating material, or colored frame arms shall be permitted for 
c o 1 o r i d e n tif 1 c a ti o n o f c o r r o s i o n - r e s i s ta n t s p r i n kl e rs . 

6.2.5.3 Color identification shall not be required for orna- 
mental sprinklers such as factory-plated or factory-painted 
sprinklers or for recessed, flush, or concealed sprinklers. 

6.2.5.4 The frame arms of bulb-type sprinklers shall not be 
required to be color coded. 

6.2.5.5 The liquid in bulb- type sprinklers shall be color 
coded in accordance with Table 6.2.5.1. 
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Table 6.2.3.1 Sprinkler Discharge Characteristics Identification 



Nominal 






Percent of 




K-factor 


K-factor Range 

[gpmApsi) 1 ^ 2 ] 


K-factor Range 


Nominal K-5.6 




[gpm/(psi) 1/2 ] 


[dmVmin/(kPa) ,/2 ] 


Discharge 


Thread Type 


1.4 


1.3-1.5 


1.9-2.2 


25 


Vi in. NPT 


1.9 


1.8-2.0 


2.6-2.9 


33.3 


¥> in. NPT 


2.8 


2.6-2.9 


3.8-4.2 


50 


Vi in. NPT 


4.2 


4.0-4.4 


5.9-6.4 


75 


Vi in. NPT 


5.6 


5.3-5.8 


7.6-8.4 


100 


¥i in. NPT 


8.0 


7.4-8.2 


10.7-11.8 


140 


% in. NPT 

or 
Vi> in. NPT 


11.2 


11.0-11.5 


15.9-16.6 


200 


l A in. NPT 
or 

% in. NPT 


14.0 


13.5-14.5 


19.5-20.9 


250 


% in. NPT 


16.8 


16.0-17.6 


23.1-25.4 


300 


*A in. NPT 


19.6 


18.6-20.6 


27.2-30.1 


350 


1 in. NPT 


22.4 


21.3-23.5 


31.1-34.3 


400 


1 in. NPT 


25.2 


23.9-26.5 


34.9-38.7 


450 


1 in. NPT 


28.0 


26.6-29.4 


38.9-43.0 


500 


1 in. NPT 



Table 6.2.5.1 Temperature Ratings, Classifications, and Color Codings 

Maximum 
Ceiling 
Temperature Temperature Rating 











Temperature 




Glass Bulb 


°F 


°C 


°F 


°C 


Classification 


Color Code 


Colors 


100 


38 


135-170 


57-77 


Ordinary 


Un colored or 
black 


Orange or red 


150 


66 


175-225 


79-107 


Intermediate 


White 


Yellow or green 


225 


107 


250-300 


121-149 


High 


Blue 


Blue 


300 


149 


325-375 


163-191 


Extra high 


Red 


Purple 


375 


191 


400-475 


204-246 


Very extra high 


Green 


Black 


475 


246 


500-575 


260-302 


Ultra high 


Orange 


Black 


625 


329 


650 


343 


Ultra high 


Orange 


Black 



6.2.6 Special Coatings. 

6,2.6.1* Corrosion Resistant. 

6.2.6.1.1 Listed corrosion-resistant sprinklers shall be in- 
stalled in locations where chemicals, moisture, or other corro- 
sive va p o r s s u ffi c i e n t to c an s e c o r r o s i o n of s u c h devices exist. 

6.2.6.1.2* Unless the requirements of 6.2.6.1.3 are met, 
corrosion-resistant coatings shall be applied only by the manu- 
facturer of the sprinkler and in accordance with the require- 
ments of 6.2.6.1.3. 

6.2.6.1.3 Any damage to the protective coating occurring at 
the time of installation shall be repaired at once using only the 
coating of the manufacturer of the sprinkler in the approved 
manner so that no part of the sprinkler will be exposed after 
installation has been completed. 

6.2.6.2* Painting. 

6.2.6.2.1 Sprinklers shall only be painted by the sprinkler 
manufacturer. 



6.2.6.2.2 Where sprinklers have had paint applied by other 
than the sprinkler manufacturer, they shall be replaced with 
new listed sprinklers of the same characteristics, including ori- 
fice s ize , the rm a 1 respo n se , a n d wa te r d i s tr i bu ti o n . 

6.2.6.3 Ornamental Finishes. 

6.2.6.3.1 Ornamental finishes shall only be applied to sprin- 
klers, and if applicable their concealed cover plates, by the 
sp r i n kle r m an u fac tu re; r. 

6.2.6.3.2 Sp ri n k 1 e rs s h a 1 1 be s pec i fi cal ly liste d vvi th o r n a m e n- 
tal finishes where utilized. 

6.2.6.4 Protective Coverings. 

6.2.6.4.1 Sp r i n kle rs p ro tec ti ng s p ray areas and m i x i n g roo ms 
i n resi n appli catio n areas s ha 11 be p ro te c te d a ga i n s t ove rs p ray 
residue so that they will operate in the event of fire. 

6.2.6.4.2 Where protected in accordance with 6.2.6.4.1, cel- 
lophane bags having a thickness of 0.003 in. (0.076 mm) or 
less or thin paper bags shall be used. 
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6.2.6.4.3 Coverings shall be replaced periodically so that 
h ea vy d e pos i ts of res i d u e d o not ace u m u late . 

6.2.6.4.4 Sprinklers that have been painted or coated shall be 
re p 1 ace d i n accord a n ce wi th th e req u i re m e n ts of 6.2.6.2.2. 

6.2.7 Escutcheons and Cover Plates. 

6.2.7.1 Nonme ta 1 1 i c esc u tc h e o n s s h all be 1 is te d . 

6.2.7.2* Escutcheons used with recessed, flush-type, or con- 
cealed sprinklers shall be part of a listed sprinkler assembly. 

6.2.7.3 Cover plates used with concealed sprinklers shall be 
part of the listed sprinkler assembly. 

6.2.8* Guards and Shields. Sprinklers subject to mechanical 
injury shall be protected with listed guards. 

6.2.9 Stock of Spare Sprinklers. 

6.2.9.1*Asu p pi y of at 1 e as t s i x spare sp ri n kl ers ( n ever fewe r 
than six) shall be maintained on the premises so that any 
sprinklers that have operated or been damaged in any way can 
be promptly replaced. 

6.2.9.2 Th e s p r i n kl e rs s h all c o r res pond to the typ es and tem- 
pe ratine ratings of the sprinklers in the property. 

6.2.9.3 The sprinklers shall be kept in a cabinet located 
where the temperature to which they are subjected will at no 
time exceed 100°F (38°C). 

6.2.9.4 Where dry sprinklers of different lengths are in- 
stalled, spare dry sprinklers shall not be required, provided 
that a means of returning the system to service is furnished. 

6.2.9.5 The stock of spare sprinklers shall include all types 
and ratings installed and shall be as follows: 

( 1 ) For p ro tec ted f ac i 1 i ties h avi n g u n d e r 300 sp ri n kl e rs — n o 
fewer than six sprinklers 

(2) For protected facilities having 300 to 1000 sprinklers — 
no fewer - than 12 sprinklers 

( 3 ) Fo r pro te c te d lac i 1 i ti es h avi n g o ve r 1 00 sprin kl e rs — n o 
fewer than 24 sprinklers 

6.2.9.6 A s pe c i a 1 s p r i n k 1 e r wre n c h sh all be p rovi d e d an d kept 
in the cabinet to be used in the removal and installation of 
sprinklers. One sprinkler wrench shall be provided for each 
ty p e o f s p r i n k 1 e r i n s ta 1 1 e cl . 

6.3 Aboveground Pipe and Tube. 

6.3.1 Genera], 

6.3.1.1 Pipe or tube shall meet or exceed one of the stan- 
d a rds i n Tab 1 e 6 . 3 . 1 . 1 o r be in a ceo id a nee wi th 6.3.6. 

6.3.1.2 Steel pipe shall be in accordance with 6.3.2, 6.3.3, or 
6.3.4. 

6.3.1.3 Copper tube shall be in accordance with 6.3.5. 

6.3.1.4 Chlorinated polyvinyl chloride (CPVC) and polybuty- 
lene pipe shall be in accordance with 6.3.6 and with the por- 
tions of the ASTM standards specified in Table 6.3.6.1 that 
apply to lire protection service. 

6.3.2* Steel Pipe — Welded or Roll-Grooved. When steel pipe 
ref e re n ced i n Tab 1 e 6.3.1. 1 i s use d a n d joined by we Id in g as 
referenced in 6.5.2 or by roll-grooved pipe and fittings as ref- 
erenced in 6.5.3, the minimum nominal wall thickness for 
pressures up to 300 psi (20.7 bar) shall be in accordance with 
Schedule 10 for pipe sizes up to 5 in. (127 mm), 0.134 in. 



Table 6,3.1.1 Pipe or Tube Materials and Dimensions 



Materials and Dimensions 



Standard 



Ferrous Piping (Welded and 
Seamless) 

Specification for black and 
ho t-d i p p eel zi n c-c o ate cl 
(galvanized) welded and 
seamless steel pipe for fire 
protection use 

Specification for welded and 
seamless steel pipe 

Wrought steel pipe 

Specification for electric- 
resistance-welded steel pipe 

Copper Tube (Drawn, Seamless) 

Specification for seamless 

copper tube 
Specification for seamless 

copper water tube 
Specification for general 

req u ire m e n ts for wro ugh t 

seamless copper and 

c op p er-al loy tu be 
Fluxes for soldering applications 

o f copper a n d copper-alloy 

tube 
Brazing filler metal 

(classification BCuP-3 or 

BCuP-4) 
Solder metal, 95-5 

( tin-antimony-Grade 95TA) 
Alloy materials 



ASTM A 795 



ANSI/ ASTM A 53 

ANSI/ASMEB36.10M 
ASTM A 135 



ASTM B 75 
ASTM B 88 

ASTM B 251 

ASTM B 813 

AWSA5.8 

ASTM B 32 
ASTM B 446 



( 3 . 40 mm ) for 6-i n . ( 1 5 2-m m ) pi pe , an cl . 1 88 in . (4.78mm) 
for 8- and 10-in. (203- and 254-mm) pipe. 

6.3.3 Steel Pipe — Threaded. When steel pipe referenced in 
Tabl e 6.3. 1 . 1 i s j o i n e d by th r e ad e d fi tti n gs ref e re n c e d i n 
6.5.1 or by fittings used with pipe having cut grooves, the 
minimum wall thickness shall be in accordance with Sched- 
ule 30 pipe [in sizes 8 in. (203 mm) and larger] or Schedule 
4 p i p e [ i n s i ze s 1 e ss th an 8 i n . ( 2 3 m m ) ] f o r pressures up 
to 300 psi (20.7 bar). 

6.3.4 Specially Listed Steel Pipe. Pressure limitations and wall 
thickness for steel pipe specially listed in accordance with 
6.3.6 shall be permitted to be in accordance with the pipe 
listing requirements. 

6.3.5* Copper Tube. Copper tube as specified in the standards 
listed in Table 6.3.1.1 shall have a wall thickness of Type K, 
Type L, or Type M where used in sprinkler systems. 

6.3.6* Listed Pipe and Tubing. 

6.3.6.1 Other types of pipe or tube investigated for suitability 
in automatic sprinkler installations and listed for this service, 
including but not limited to polybutylene, CPVC, and steel, 
differing from that provided in Table 6.3.6.1 shall be permit- 
ted where installed in accordance with their listing limitations, 
including installation instructions. 
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Table 6.3.6.1 Specially Listed Pipe or Tube Materials and 
Dimensions 



Materials and Dimensions 



Standard 



Nonrnetallic piping specification for special ASTM F 442 

listed chlorinated polyvinyl chloride 

(CPVC) pipe 
S pe c if i ca ti o n fo r s p e c i al 1 i s ted p olyb u tyl e n e ASTM D 3 309 

(PB) pipe 



6.3.6.2 Pipe or tube listed for light hazard occupancies shall 
be permitted to be installed in ordinary hazard rooms of oth- 
erwise light hazard occupancies where the room does not ex- 
ceed 400 ft 2 (37 m 2 ). 

6.3.6.3 Pipe or tube shall not be listed for portions of an 
occupan cy classifi cati on . 

6.3.6.4 Bending of listed pipe and tubing shall be permitted 
as allowed by the listing. 

6.3.7 Pipe Bending. 

6.3.7.1 Bending of Schedule 10 steel pipe, or any steel pipe of 
wall thickness equal to or greater than Schedule 10 and Types 
K and L copper tube, shall be permitted when bends are made 
with no kinks, ripples, distortions, or reductions in diameter 
or any noticeable deviations from round. 

6.3.7.2 For Schedule 40 and copper tubing, the minimum 
radius of a bend shall be six pipe diameters for pipe sizes 2 in. 
(51 mm) and smaller and five pipe diameters for pipe sizes 
2 '/a in. (64 mm) and larger. 

6.3.7.3 For all other steel pipe, the minimum radius of abend 
shall be 12 pipe diameters for all sizes. 

6.3.8 Pipe Identification. 

6.3.8.1 All pipe, including specially listed pipe allowed by 
6.3.6, shall be marked continuously along its length by the 
manufacturer in such a way as to properly identify the type of 
pipe. 

6.3.8.2 Pipe identification shall include the manufacturer's 
name, model designation, or schedule. 

6.4 Fittings. 

6.4.1 Fittings used in sprinkler systems shall meet or exceed 
the standards in Table 6.4.1 or be in accordance with 6.4.2 or 
6.4.3. 

6.4.2 In addition to the standards in Table 6.4.1, CPVC fit- 
tings shall also be in accordance with 6.4.3 and with the por- 
tions of the ASTM standards specified in Table 6.4.3 that apply 
to fire protection service. 

6.4.3* Other types of fittings investigated for suitability in au- 
tomatic sprinkler installations and listed for this service in- 
cluding, but not limited to, polybutylene, CPVC, and steel dif- 
fering from that provided in Table 6.4.3, shall be permitted 
when installed in accordance with their listing limitations, in- 
cluding installation instructions. 

6.4.4* Fitting Pressure Limits. 

6.4.4.1 Standard weight pattern cast-iron fittings 2 in. 
(51 mm) in size and smaller shall be permitted where pres- 
sures do not exceed 300 psi (20.7 bar). 



Table 6.4.1 Fittings Materials and Dimensions 



Materials and Dimensions 



Standard 



Cast Iron 

Cas t i ro n th read ed fi tti n gs , C 1 ass 1 25 a n d ASME B 1 6 . 4 

250 
Cast iron pipe flanges and flanged fittings ASME B16.1 

Malleable Iron 

M al 1 eab 1 e i ton th re ad ed 1:1 tti n gs , C 1 ass ASM E B 1 6 . 3 

150 and 300 steel 

Fac to ry-m ad e wr o ugh t s te e 1 b u ttwe 1 d ASM E B 1 6 . 9 

fittings 

B u ttwe Id in g ends f o r p i pe , val ves, fla n ges , ASM E B 1 6.25 

and fittings 

Specification for piping fittings of ASTM A 234: 

wrought carbon steel and alloy steel for 

m o d e r a te a n d e 1 e va te d te m p e r a tu res 

Steel pipe flan ge s a n d 11 an ged f i tti n gs ASM E B 1 6 . 5 

Forged steel fittings, socket welded and ASME B 1 6/1 1 

threaded copper 

Wrou gh t c opp e r an d co p per al loy so Id e r AS ME B 1 6.22 

joint pressure fittings 

Cast copper alloy solder joint pressure ASME BI6.18 

fittings 



Table 6.4.3 Specially Listed Fittings Materials and 
Dimensions 



Materials and Dimensions 



Standard 



Chlorinated polyvinyl chloride (CPVC) ASTM F 437 

specification for schedule 80 CPVC 

threaded fittings 
Specification for schedule 40 CPVC ASTM F 488 

socket-type fittings 
Specification for schedule 80 CPVC ASTM: F 439 

socket-type fittings 



6.4.4.2 Standard weight pattern malleable iron fittings 6 in. 
(152 mm) in size and smaller shall be permitted where pres- 
sures do not exceed 300 psi (20.7 bar). 

6.4.4.3 Listed fi tti n gs s h a 1 1 be p e rm i tied fo i ■ sys te m p re ss u res 
up to the limits specified in their listings. 

6.4.4.4 Fittings not meeting the requirements of 6.4.4.1 
through 6.4.4.3 shall be extra-heavy pattern where pressures 
exceed 175 psi (12.1 bar). 

6.4.5* Couplings and Unions. 

6.4.5.1 Sc rewed u n ions sb al 1 n o t be 1 1 se d on p i pe 1 a rge r tha n 
2 in. (51 mm). 

6.4.5.2 Couplings and unions of other than screwed-type 
shall be of types listed specifically for use in sprinkler systems. 

6.4.6 Reducers and Bushings. 

6.4.6.1 U n less the req u i re in e n ts of 6.4. 6 . 2 o r 6.4.6. 3 a re m e t, 
a one-piece reducing fitting shall be used wherever a change is 
made in the size of the pipe. 



2002 Edition 



13-26 



INSTALLATION OF SPRINKLER SYSTEMS 



6.4.6.2 1 1 o x a go n a I o ) • la ex: bushings s h a 1 1 b e p e rm i l; Le d in r e- 
clucing the size of openings of fillings when standard fillings 
o I ih e ) eq 1 1 i re r 1 s i ze a re 1 10 1 a va i I a b 1 e . 

6.4.6.3 II ex a go n a 1 b 1. 1 s h i n gs a s pe r m i tie d i n 8 . .1 4 .19.2 shall b e 
permitted to be used. 

6.5 Joining of Pipe and Fittings. 

6.5.1 Threaded Pipe and Fittings. 

6.5.1.1 A .1 1 1: 1 1 1 ea d e d p i p e a n d I i t ti n gs s h a 1 1 h a ve ih read s c u t to 
ASME Bl .20. 1 , Pipe Threads, General Purpose (Inch). 

6.5.1.2 * S le e I p i pe w i ih vva 1 1 th i c k n e sse s 1 ess th an Sc hed u 1 e 30 
| in sizes 8 in. (203 mm) and larger] or Schedule 40 [in sizes 
less than 8 in. (203 mm)] shall only be permitted to be joined 
by threaded .fittings where the threaded assembly is investi- 
gated for suitability in automatic sprinkler installations and 
listed for this service. 

6.5.1.3 j o i n t co m p o v\x\ d oi ' lap e s h a 1 1 be a p p lied o n 1 y to m al e 
threads. 

6.5.2 * Welded Pipe and Fittings. 

6.5.2.1 We 1 d i n g in e ih o d s ih a l co in p 1 y w i th th e a p p 1 i cab 1 e re- 
qui remenls of AWS B2. 1 , Specification for Welding Procedure and 
Performance (hialification, shall be permitted as means of join- 
ing fire protection piping. 

6.5.2.1.1 Wh e i:t: o u 1 1 e is are welded i n pipe us i n g 1 is ted we ld- 
ing outlet fittings, partial joint penetration (groove /fillet) 
shall be acceptable when performed in accordance with the 
re q u i re in e n is o f 6 .5.2. 1 . 

6.5.2.1.2 Where slip-on flanges are welded to pipe, fillet 
we ids shall be acceptable where such welds are used along 
bo th c i re: urn f e re n ce s w h e i *e the 1:1 an ge con tac ts the pi pe . 

6 . 5 . 2 . 2 * Unless i h e i e q u i i:e m e n ts o f 6.5.2. 3 a re m el, s p r i n k 1 e r 
p i pin g sh a 1 1 be sh o j:> we I d ed . 

6.5.2.3 Where- the design specifications call for all or part of 
th e p i p i n g to be we Id e d i n p 1 a c e , we 1 d i n g of s p r i n kl e r pi p i n g 
in place shall be permitted where the welding process is per- 
fo r n \ e d i n a ceo i d an c e w i th N FPA 5 1 B , Standard for Fire Preven- 
lion During Welding, Cutting, and Other Hot Work, and the mo 
c h a n i ca 1 fi tti n gs req 1 1 i re d by 8 . .1 4 . 1 6 an d 8.14.2 1 a re p ro vi d e d . 

6.5.2.4 Welding of tabs .for longitudinal earthquake bracing 
to i n -p 1 a ce p i p i n g s 1 1 a 1 1 be p e rn i i tied w h e re the weld i n g p ro- 
cess is performed in accordance with NFPA51B, Standard for 
Pint Prevention During Welding, (kitting, and Other Hot Work. 

6.5.2.5 We 1 d ed I i tti n gs u sed to j oi n pipe sh a 11 be liste d fabr i- 
c a le d fi tti n gs o i ' m a n ufa c t u re cl in ac co rd a n ce wi th Tab le 6.4.1. 

6.5.2.6 Fittings referenced in 6.5.2.5 shall be joined in con- 
form a net: with a qualified welding procedure as set forth in 
this section and shall be an acceptable product under this 
standard, provided ih at .materials and wall thickness are corn- 
pa t i b 1 e w i th o th e r sc: c ti o n s of th i s s tan da rd . 

6.5.2.7 Fittings shall not be required where pipe ends are 
b 1 1 it we 1 d e d i n a ceo rd a n ce w i th th e re q u i re i n e n ts of 6.5.2, 1 . 

6.5.2.8 No welding shall be performed if there is impinge- 
men t o I i ; i i n , s n o w , s 1 e e t , o r high w i n d o n th e we: Id a r e a o f t h e 
pipe product. 

6.5.2.9 When welding is performed, the following proce- 
dures shall be completed: 



( 1 ) * H o 1 e s i n p i p i n g f o r o nil e ts s h a 1 1 b e c u t to t h e f u 11 inside 

diameter of fittings prior to welding in place of the 
fittings. 

( 2 ) D.i scs s h al 1 be re t r i eve d . 

(3) Openings cut into piping shall be smooth bore, and all 
i 1 1 tei n a 1 s lag a n c 1 we Iclin g resid u e s h a 1 1 be removed . 

(4) Fittings shall not penetrate the internal diameter of the 
piping. 

(5) Steel plates shall not be welded to the ends of piping or 
fittings. 

(6) Fittings shall not be modified. 

(7) Nuts, clips, eye rods, angle brackets, or other fasteners 
shall not be welded to pipe or fittings, except, as permitted 
in 6.5.2.10. 

6.5.2.10 Tabs for longitudinal earthquake braces shall be per- 
mitted to be welded directly to the sprinkler pipe. 

6.5.2.11 When the pipe size in a run of piping is reduced, a 
reducing fitting designed for that purpose shall be used in 
accordance with the requirements of 6.5.2.3. 

6.5.2.12 Tore h cu tti n g an d weld i ng shal 1 n ol be pe rm i tied as 
a m e a ns of m o d i f y i n g o r r e p ai r i n g s p r i n k 1 e, r s y s le m s . 

6.5.2.13 Qualifications. 

6.5.2.13.1 A we 1 cl in g p roce d u re s h al 1 be p re pa red a n d q u al i- 
iied by the contractor or fabricator before any welding is 
clone. 

6.5.2.13.2 Qual i 1 i ca tion o f th e we 1 d i n g proc ed n re to be use d 
and the performance of all welders and welding operators 
shall be required and shall meet or exceed the requirements 
of AWS B2.1, Specification for Welding Procedure and Performance 
Qualification, except as permitted by 6.5.2.13.3. 

6.5.2.13.3 Successful procedure qualification of complete 
joint penetration groove welds shall qualify partial joint pen- 
etration (groove /fillet) welds and fillet welds in accordance 
wi tli the p ro vi si o n s o f th i s s ta n d a rd . 

6.5.2.13.4 Welding procedures qualified under standards 
re cogn i zed by p re vi oil s e d i ti o n s o f t h i s s tan da rd s ha 11 be pe r- 
mitted to be continued in use. 

6.5.2.13.5 Com rac tors o r fa b r i ca to rs s h all be respo n s i b 1 e for 
all welding they produce. 

6.5.2.13.6 Each contractor or fabricator shall have available 
to the authority having jurisdiction an established written 
q u ah ty ass u ra n ce p roce cl u re e n s u r i n g com p 1 i an ce w ith the re- 
q u i re me n ts of 6.5.2.9, 

6.5.2.14 Records. 

6.5.2.14.1 Wei cl ers o r we 1 cl i n g m ac h i n e ope ra to rs s h al I , up o n 
completion of each weld, stamp an imprint of their identifica- 
tion into the side of the pipe adjacent to the weld. 

6.5.2.14.2 Con trac to rs or fabri ca tors s ha 1 1 m a in tai n ce rtifi ed 
records, which shall be available to the authority having juris- 
diction, of the procedures used and the welders or welding 
machine operators employed by them, along with their weld- 
ing identification imprints. 

6.5.2.14.3 Re c o rds s h a 1 1 s h ow th e cl ate a n d th e re s u 1 ts of p ro- 
cedure and performance qualifications. 

6.5.3 Groove Joining Methods. 

6.5.3.1 Pipe joined with grooved fittings shall be joined by a 
1 i s te cl co m bi n a ti o n o f fi tti n gs , gas ke ts , an cl grooves . 
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6.5.3.2 Grooves cut or rolled on pipe shall be dimension ally 
compatible with the fittings. 

6.5.3.3 Grooved fittings including gaskets used on dry pipe 
systems shall be listed for dry pipe service. 1 . 

6.5.4* Brazed and Soldered Joints. 

6.5.4.1 Solder joints, where permitted, shall be fabricated in 
accordance with the methods and procedures listed in ASTM 

B 828, Standard Practice for Making Capillary joints by Soldering of 
Copper arid Copper Alloy Tube and Fittings. 

6.5.4.2 U n less th e re q u i re m e n ts o f 6 . 5 . 4 . 3 o r 6 .5.4.4 a re m e t, 
joints for the connection of copper tube shall be brazed. 

6.5.4.3 Sold e r j o ints shall be p erm i tted fo r e x p ose d we t: pipe 
systems in light hazard occupancies where the temperature 
classification of the installed sprinklers is of the ordinary- or 
i n te r m ed i a te-te m pe ratu re c 1 ass i fi cati o n . 

6.5.4.4 So 1 d e r j oi n ts sh al 1 be p e nn i tted f o r we t pipe sys te m s 
in light hazard and ordinary hazard (Group 1) occupancies 
vv here th e p i p i n g i s co n ceal e d , i r res pec ti ve of sp r i 11 kl e r te m- 
perattue ratings. 

6.5.4.5* Soldering fluxes shall be in accordance with Table 
6.3.1.1. 

6.5.4.6 B ra z i n g 11 u xes , i f used , sh a 1 1 n o t be of a h ig h 1 y co r ro- 
sive type. 

6.5.5 Other Joining Methods. Other joining methods investi- 
gated for suitability in automatic sprinkler installations and 
1 i s ted fo r th i s s e rvi ce s h al 1 be p e rmi tie d wh e re i n s ta 1 1 e d i n ac- 
cordance with their listing limitations, including installation 
instructions. 

6.5.6 End Treatment. 

6.5.6.1 After cutting, pipe ends shall have buns and fins re- 
moved. 

6.5.6.2 Pipe used with listed fittings and its end treatment 
s h all be in a ceo rd an ce w i th th e fi tti n g m an u fa c ti i re r ' s i n s tal 1 a- 
ti o n i n s tr u c ti o n s an d th e f i tti n g ' s 1 i s ti n g. 

6.6* Hangers. Hangers shall be in accordance with the re- 
quirements of Section 9.1. 

6.7 Valves. 

6.7.1 General. 

6.7.1.1 Valve Pressure Requirements. When water pressures 
exceed 175 psi (1.2.1 bar), valves shall be used in accordance 
with their pressure ratings. 

6* 7 * L 2 Valve CI osure Time . Lis ted i n d i cati n g valves sh all no t 

close in less than 5 seconds when operated at maxim um pos- 
s i bl e sp e ed fro m the f u 1 1 y o pe n pos i ti o n . 

6.7.1.3 Listed Indicating Valves . U n 1 ess th e req u i re in e n ts o f 
6.7.1.3.1, 6.7.1.3.2, or 6.7.1.3.3 are met, all valves controlling 
co n n e c ti o n s to wa te r s u p plies an d to s u p ply p i p es to s p r i n kl e rs 
s h a 11 be 1 is ted i nd i cati n g valves . 

6.7.1.3.1 A listed underground gate valve equipped with a 
1 is te d i n d i cato r pos t s h a 1 1 be pe r m i tte d . 

6.7.1.3.2 A lis te d wa te r co n tro 1 va 1 ve asse m b 1 y wi th a re liable 
position indication connected to a remote supervisory station 
shall be permitted. 



6.7.1.3.3 Anon i n d i c a t i i i g va 1 ve , s 1 1 c h as a niinde rg r o u n d ga te 
valve with approved roadway box, complete with T-wrench, 
and wh e re acre p ted by th e an th. o r i ty h a v i n g j u r i s d i c ti o n , s h al 1 
be permitted. 

6.7.2 Wafer-Type Valves. Wafer-type valves with components 
th at ex te n d bey o n d th e va 1 ve body s h a 11 be in s ta 1 1 ed i n a m a li- 
ner that does not interfere with the operation of any system 
components. 

6.7.3 Drain Valves and Test Valves. Drain valves and test valves 
shall be approved. 

6.7.4* Identification of Valves. 

6.7.4.1 All co n tro 1 , d ra i n , a n d tes t c o n n e c ti o n va 1 ves s h a 1 1 be 
p ro vi d e d wi th p e r in an e n tly n i a t ke d we a th e r p r o o f in e ta 1 o r 
rigid plastic identification signs. 

6.7.4.2 The identification sign shall be secured with 
co r ros i o n -res i s ta n t w i re , c bain, o r o th e r a p p roved me a n s . 

6.7.4.3 The control valve sign shall identify the portion of the 
building served. 

6.8 Fire Department Connections. 

6.8.1 Unless the requirements of 6.8.2 or 6.8.3 are met, the 
lire department connection (s) shall use an N II internal 
threaded swivel fitting(s) with an NH standard thread(s), 
wh e re at 1 e as t o n e of th e conn ec ti o n s s h all be th e "2.5-7. 5 N H 
standard thread," as specified in NFPA 1963, Standard for Fire 
Hose Connections. 

6.8.2 Where local lire department connections do not con- 
form to NFPA 1963, Standard, for Fire Hose Connectiom, the au- 
thority having jurisdiction shall be permitted to designate the 
connection to be used. 

6.8.3 The use of threadless couplings shall be permitted 
wh e re req u i red by th e an th o r i ty h a vi n g j u r i sd i c ti o n a n d wh e re 
listed for such use. 

6.8.4 Fire department connections shall be equipped with 
listed plugs or caps, properly secured and arranged for easy 
removal by fire departments. 

6.8.5 Fire department connections shall be of an approved 
type. 

6.9 Waterflow Alarms. 

6.9.1 General. Waterflow alarm apparatus shall be listed for 
the service and so constructed and installed that any flow of 
water from a sprinkler system equal to or greater than that 
from a single automatic sprinkler of the smallest orifice size 
installed on the system will result in an audible alarm on the 
premises within 5 minutes after such flow begins and until 
such flow stops. 

6.9.2 Waterflow Detecting Devices. 

6.9.2.1 Wet Pipe Systems. The alarm apparatus for a wet pipe 
sys te rn s h a 1 1 c o n s i s t o f a 1 i s te d a 1 a i in c h e c k va 1 ve o i ~ o th e r 1 i s te d 
waterflow-detecting alarm device with the necessary attach- 
ments required to give an alarm. 

6.9.2.2 Dry Pipe Systems. 

6.9.2.2.1 The ala r m a p pa i a tu s fo r a d i y p i pe sys te in s h a 1 1 co n- 
s is t; of liste d a 1 a t m attac h m e i us to th e d ty p i pe va I ve . 
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6.9.2.2.2 Where a dry pipe valve is located on the system side 
of an alarm valve, connection of the actuating device of the 
alarms for the dry pipe valve to the alarms on the wet pipe 
system shall be permitted. 

6.9.2-3 Preaction and Deluge Systems. The alarm apparatus 
for deluge and preaction systems shall consist of alarms actu- 
ated independently by the detection system and the flow of 
water. 

6.9,2.4* Paddle-Type Waterflow Devices. Paddle-type water- 
fl ow a 1 a rm i nd ica tors s h a 1 .1 be i n s ta 11 ed i n we t sys terns on ly. 

6.9.3 Attachments — General. 

6.9.3.1* An alarm unit shall include a listed mechanical alarm, 
horn, or siren or a listed electric gong, bell, speaker, horn, or 
siren. 

6.9.3.2* Outdoor water motor-operated or electrically oper- 
ated bells shall be weatherproofed and guarded. 

6.9.3.3 All piping to water motor-operated devices shall be 
galvanized or brass or other corrosion-resistant material ac- 
ceptable under this standard and of a size not less than ¥\ in. 
(19 mm). 

6.9.3.4 Piping between the sprinkler system and a pressure 
actuated alarm-initiating device shall be galvanized or of non- 
ferrous metal or other approved corrosion-resistant material 
o f n o t less th an % in. ( 9 . 5 m m ) no rn i nal pi pe si ze . 

6.9.4* Attachments — Electrically Operated. 

6.9.4.1 Electrically operated alarm attachments forming part 
of an auxiliary, central station, local protective, proprietary, or 
remote station signaling system shall be installed in accor- 
dance with NFPA 72®, National Fire Alarm Code®, 

6.9.4.2 Sprinkler wate rfl ow al arm sys te m s that are not part of 
a required protective signaling system shall not be required to 
be supervised and shall be installed in accordance with 
NFPA 70, National Electrical Code®, Article 760. 

6.9.4.3 Outdoor electric alarm devices shall be listed for out- 
door use. 

6.9.5 Alarm Device Drains. Drains from alarm devices shall be 
so arranged that there will be no overflowing at the alarm 
apparatus, at domestic connections, or elsewhere with the 
sprinkler drains wide open and under system pressure. (See 
8.15.2.6.) 



Chapter 7 System Requirements 

7.1 Wet Pipe Systems, 

7.1.1 Pressure Gauges. 

7.1.1.1 A I is te d p ressu re gau ge con form i ng to 8 . 1 6 . 3 shall be 
installed in each system riser. 

7.1.1.2 Pressure gauges shall be installed above and below 
each alarm check valve or system riser check valve where such 
devices are present. 

7.1.2 Relief Valves. 

7.1.2.1 U n less th e req u i re men ts of 7 . 1 . 2 . 2 are met, a gridded 
wet pipe system shall be provided with a relief valve not less 
than l /i in. (6.4 mm) in size set; to operate at 175 psi (12.1 bar) 



or 10 psi (0.7 bar) in excess of the maximum system pressure, 
whichever is greater. 

7.1.2.2 Where auxiliary air reservoirs are installed to absorb 
pressure increases, a relief valve shall not be required. 

7.1.3 Auxiliary Systems. A wet pipe system shall be permitted 
to supply an auxiliary dry pipe, preaction, or deluge system, 
provided the water supply is adequate. 

7.2* Dry Pipe Systems. 

7.2.1 Pressure Gauges. Listed pressure gauges conforming 
w r ith 8.16.3 shall be connected as follows: 

(1) On the water side and air side of the dry pipe valve 

(2) At the air pump supplying the air receiver where one is 
provided 

( 3 ) At th e ai r rec e i ve r wh e re o n e i s p rovi ded 

(4) In each independent pipe from air supply to dry pipe 
system 

(5) At exhausters and accelerators 

7.2.2 Sprinklers. The following types of sprinklers and ar- 
rangements shall be permitted for dry pipe systems: 

(1) Upright sprinklers 
(2)*Listed dry sprinklers 

( 3 ) Pe nde n t sp r i n kl ers a nd si d e wall sp ri n kle is i n s tal 1 ed o n re- 
turn bends, where the sprinklers, return bend, and 
branch line piping are in an area maintained at or above 
40°F (4°C) 

(4) Horizontal side wall sprinklers, installed so that water is 
not trapped 

7.2.3* Size of Systems — Volume Limitations. 

7.2.3.1* Unless the requirements of 7.2.3.2 or 7.2.3.3 are met, 
not more than 750 gal (2839 L) system capacity shall be con- 
trolled by one dry pipe valve. 

7.2.3.2 Piping volume shall be permitted to exceed the require- 
ments of 7.2.3.1 where the system design is such that water is 
delivered to the system test connection in not more than 60 sec- 
onds, starting at the normal air pressure on the system and at the 
time of fully opened inspection test connection. 

7.2.3.3 Piping volume shall be permitted to exceed the re- 
quirements of 7.2.3.1 where dry systems are calculated for wa- 
ter delivery in accordance with 11.2.3.9. 

7.2.3.4 Check valves shall not be used to subdivide the dry 
pipe system. 

7.2.3.5 Gridded dry pipe systems shall not be installed. 

7.2.4 Quick-Opening Devices. 

7.2.4.1 Unless the requirements of 7.2.4.2 are met, dry pipe 
valves shall be provided with a listed quick-opening device 
where system capacity exceeds 500 gal (1893 L). 

7.2.4.2 A quick-opening cl evi ce shall n o t be req u i red wh e re wa- 
ter is delivered to the system test connection in not more than 
60 seconds, starting at the normal air pressure on the system and 
at the time of fully opened inspection test connection. 

7.2.4.3 The quick-opening device shall be located as close as 
practical to the dry pipe valve. 

7.2.4.4 To protect the restriction orifice and other operating 
parts of the quick-opening device against submergence, the 
connection to the riser shall be above the point at which water 
(priming water and back drainage) is expected when the dry 
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pipe valve and quick-opening device are set, except where de- 
sign features oi:~ tne parv.1cv.1lar quick-opening device make 

th ese requirem e n ts u n necessary. 

7.2.4.5 A soft disc glo be o r a n gi e valve s hall be in s tal 1 e d i n th e 
connection between the dry pipe sprinkler riser and the quick- 
opening device. 

7.2.4.6 A check valve shall be installed between the quick- 
opening device and the intermediate chamber of the dry pipe 
valve. 

7.2.4.7 If the quick-opening device requires pressure feed- 
back from the intermediate chamber, a valve type that will 
clearly indicate whether it is opened or closed shall be permit- 
ted in place of that check valve. 

7.2.4.8 Where a valve is utilized in accordance with 7.2.4.7, 
the valve shall be constructed so that it can be locked or sealed 
in the open position. 

7.2.4.9 Antiflooding Device. 

7.2.4.9.1 Unless the requirements of 7.2.4.9.2 are met, a 
listed antiflooding device shall be installed in the connection 
between the dry pipe sprinkler riser and the quick-opening 
device. 

7.2.4.9.2 A listed antiflooding device shall not be required 
where the quick-opening device has built-in antiflooding de- 
sign features. 

7.2.5* Location and Protection of Dry Pipe Valve. 

7.2.5.1* General. The dry pipe valve and supply pipe shall be 
protected against freezing and mechanical injur)'. 

7.2.5.2 Valve Rooms. 

7.2.5.2.1 Valve rooms shall be lighted and heated. 

7.2.5.2.2 The source of heat shall be of a permanently in- 
stalled type. 

7.2.5.2.3 Heat tape shall not be used in lieu of heated valve 
enclosures to protect the dry pipe valve and supply pipe 
against freezing. 

7.2.5.3 Supply. The supply for the sprinkler in the dry pipe 
valve enclosure shall be from the dry side of the system. 

7.2.5.4 Low Differential Dry Pipe Valve. Protection against 
accumulation of water above the clapper shall be provided for 
a low differential dry pipe valve. 

7.2.5.5 High Water Level Device. An automatic high water 
level signaling device or an automatic drain device shall be 
permitted. 

7.2.6 Air Pressure and Supply. 

7.2.6.1 Maintenance of Air Pressure. Air or nitrogen pressure 
shall be maintained on dry pipe systems throughout the year. 

7.2.6.2* Air Supply. 

7.2.6.2.1 The compressed air supply shall be from a source 
available at all times. 

7.2.6.2.2 The air supply shall have a capacity capable of re- 
storing normal air pressure in the system within 30 minutes. 

7.2.6.2.3 The requirements of 7.2.6.2.2 shall not apply in re- 
frigerated spaces maintained below 5°F (-15°C), where nor- 
mal system air pressure shall be permitted to be restored 
within 60 minutes. 



7.2.6.3 Air Filling Connection. 

7.2.6.3.1 Th e co n n e c ti o n pipe fro m th e ai r co m p resso r shal 1 
not be less than Vi in. (13 mm) in diameter and shall enter the 
system above the priming water level of the dry pipe valve. 

7.2.6.3.2 A check valve shall be installed in this air line, and a 
shu toff valve of the renewable disc type shall be installed on 
the supply side of this check valve and shall remain closed 
unless filling the system. 

7.2.6.4 Relief Valve. A listed relief valve shall be provided be- 
tween the compressor and controlling valve and shall be set to 
relieve at a pressure 10 psi (0.7 bar) in excess of the operating- 
air pressure of the system. 

7.2.6.5 Shop Air Supply. Wh e re th e ai r s u p ply is take n fro m a 
shop system having a normal pressure greater than that re- 
quired for dry pipe system, an air maintenance device (regu- 
lator style) shall be used to regulate air pressure and flow to 
the sys te m . A re 1 ief val ve s h al 1 be i ns ta lied be twe e n th e ou ti e t 
of the air maintenance device and dry system and set to relieve 
at 20 psi (0.7 bar) above the dry pipe system operating set- 
point. (See Figure 7.2.6.5.) 



PQ 



To 

sprinkler 
if required 




1 . Check vaive 

2. Control valve (renewable disc type) 

3. Small air cock (normally open) 

4. Relief valve 

5. Air supply 



FIGURE 7.2.6.5 Air Supply from Shop System. 



7.2.6.6 Automatic Air Compressor. 

7.2.6.6.1 Where a dry pipe system is supplied by an automatic 
air compressor or plant air system, any device or apparatus 
u s e d f o r an to m a t i c m a i n te n an c e o I air pressure s h al 1 b e o f a 
type specifically listed for such service and capable of control- 
ling the required air pressure on, and maximum airflow to, 
the dry pipe system. 

7.2.6.6.2 Automatic air supply to more than one dry pipe 
system shall be connected to enable individual maintenance 
of air pressure in each system. 

7.2.6.6.3 A check valve or o th e r posi ti ve backll ow preve n tio n 
device shall be installed in the air supply to each system to 
prevent airflow or waterflow from one system to another. 

7.2.6.6.4 Where the air compressor feeding the dry pipe sys- 
tem has less capacity than the discharge through a Vs-in. ori- 
fice a t 1 ps i g, no ai r m ai n te n an ce d evice sh all be r eq u i re d . 
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7.2.6.7 System Air Pressure. 

7.2.6.7.1 The system air pressure shall be maintained in ac- 
cordance with the instruction sheet furnished with the dry 
pipe valve, or shall be 20 psi (.1.4 bar) in excess of the calcu- 
lated trip pressure of the dry pipe valve, based on the highest 
n o ri n a 1 wa te i p i ess u re o 1 th e sys tern s upp 1 y. 

7.2.6.7.2 The p en n i tie d ra te of a i r 1 ea kage s ha 1 1 be as spe c i- 
fkd in .16.2.2. 

7.2.6.8 Nitrogen. Where used, nitrogen shall be introduced 
through a pressure regulator set to maintain system pressure 
in accordance with 7.2.6.7. 

7.3 Preaction Systems and Deluge Systems. 

7.3.1* General. 

7.3.1.1 All c oin pone n t s of p n e u m ati c , hyd ra u 1 i c, o r electric al 
systems shall be compatible. 

7.3.1.2 The automatic water' control valve shall be provided 
with hydraulic, pneumatic, or mechanical manual means for 
ope: ra ti o n th a t i s i n d e p e n d e n t: of d e te c ti o n d evices an d o I th e 
sprinklers. 

7.3.1.3 Pressure Gauges. Listed pressure gauges conforming 
with 8.16.3 shall be installed as follows: 

( 1 ) Ab o ve a 1 1 d b e 1 o w pi: e a c t i o n. va 1 v e an el b e I e> w d e 1 u ge va I ve 

(2) On air supply to preaction and deluge valves 

7.3.1.4 A . s u p p 1 y o f sp a re In s i b 1 e e 1 e m e n t s f o r h e a t-r e s p o 1 1 s i ve 
devices, not less than two of each temperature rating, shall be 
ma i n ta i ne d o n th e p re m i ses fo r re p 1 a ce m e n t p u rposes . 

7.3.1.5 Hydraulic release systems shall be designed and in- 
s ta 1 1 ed i n ace o id a nee w i th m a n u fac tu re r ' s re q ui re m e n ts an d 
listing for height limitations above deluge valves or deluge 
valve actuators to prevent water column. 

7.3.1.6 Location and Spacing of Detection Devices. Spacing 
of detection devices, including automatic sprinklers used as 
detectors, shall be in accordance with their listing and manu- 
facturer's specifications. 

7.3.1.7 Devices for Test Purposes and Testing Apparatus. 

7.3.1.7.1 Where detection devices installed in circuits are lo- 
cated where not readily accessible for testing, an additional 
d e te c ti on d e vi c e s h a 1 1 be p ro v i d ed o n e ac h ci re u i t for tes t p u im- 
poses at an accessible location and shall be connected to the 
circuit at a point that will assure a proper test of the circuit. 

7.3.1.7.2 Testing apparatus capable of producing the heat 
or impulse necessary to operate any normal detection de- 
vice shall be furnished to the owner of the property with 
each installation. 

7.3.1.7.3 Where explosive vapors or materials are present, 
hot water, steam, or other methods of testing not involving an 
ignition source shall be used. 

7.3.1.8 Location and Protection of System Water Control 
Valves. 

7.3.1.8.1 System water control valves and supply pipes shall 
be p ro te c: ted a ga i n s t f re ez i n g a n d m e ch a nica 1 i n j ti ry. 

7.3.1.8.2 Valve Rooms. 

7.3.1.8.2.1 Valve rooms shall be lighted and heated. 



7.3.1.8.2.2 Th e so urce of h e at s ha 11 be of a pe rm a ne n tly i n- 
stalled type. 

7.3.1.8.2.3 Heat tape shall not be used in lieu of heated valve 
enclosure rooms to protect preaction and deluge valves and 
supply pipe against freezing. 

7.3.2 Preaction Systems. 

7.3.2.1 Preac ti on sys te m s s ha .1 1 b e o n e o f the f 61 1 o wi n g typ es : 

( 1 ) A s i n gl e in te r 1 o c k sys te n i , w h i c h ad m its wa te r to sp r i. n Id e r 
p i p i n g u p on ope rati o n of d e te c ti o n el e vi c es 

(2) A non-interlock system, which admits water to sprinkler 
p i p i n g u pon ope rati o n of d e te c tio n d e vi ce s or an torn a tic 
sprinklers 

(3) A double interlock system, which admits water to sprin- 
kl e r p i pi n g t ipo n o p e ra ti on of bo th d e tec t i o n d e vi ce s an d 
automatic sprinklers 

7.3.2.2 Size of Systems. 

7.3.2.2.1 Not more than 1000 automatic sprinklers shall be 
c o n tro 1 led by an y e> n e p re ac ti on val ve . 

7.3.2.2.2 Unless the requirements of 7.3.2.2.3 are met, for 
preaction system types described in 7.3.2. 1 (3), not more than 
750 gal (2839 L) shall be controlled by one preaction valve. 

7.3.2.2.3 The system volume for preaction system types de- 
scribed in 7.3.2.1(3) shall be permitted to exceed 750 gal 
(2839 L) where the system is designed to deliver water to the 
system test connection in not more than 60 seconds, starting 
at the normal air pressure on the system, with the detection 
system operated and at the time of fully open eel inspection test 
co n n ec ti on .Air p r ess u re an d su p p 1 y s h a 1 1 com ply wi th 7.2.6. 

7.3.2.3* Supervision. 

7.3.2.3.1 Sprinkler piping and lire detection devices shall be 
a u to nt a t i c a 1 1 y s u p e rv i s e d wh e r e 1 1 1 e re a re in o re t h a n 20 s p r i n - 
klers on the system. 

7.3.2.3.2 All p re ac tio n sys te m types d esc i i bed i n 7.3.2.1(2) 
an d 7.3.2. 1 ( 3 ) sh al 1 m ai n tai n a in i n i m u m s u p e rvi sing air p res- 
sure of 7 psi (0.5 bar). 

7.3.2.4 Sprinklers. Th e f o 1 lo wi n g types of sp r i n k 1 e rs an d a r- 
rangements shall be permitted for preaction systems: 

( 1 ) L pri gh t s p r i n k 1 e rs 
(2)*Listeel dry sprinklers 

( 3 ) Pe n el e n t sp ri n kl e rs a n d s i ele wa 1 1 sp ri n k 1 e rs i n s ta 1 1 eel on re- 
turn bends, where the sprinklers, return bend, and 
branch line piping are in an area maintained at or above 
40°F (4°C) 

(4) Horizontal sielewall sprinklers, installed so that water is 
not trapped 

7.3.2.5 System Configuration. Preaction systems of the type 
ele sc r i bed i n 7.3.2.1(3) sh al I no t be g ri d cl eel . 

7.3.3* Deluge Systems. 

7.3.3.1 The detection devices or systems shall be automati- 
cally supervised. 

7.3.3.2 Del uge sys te m s s h a II be h yd i a u 1 i ca lly cal c u lated . 

7.4 Combined Dry Pipe and Preaction Systems. 

7.4.1* General. 

7 .4 . 1 . 1 * Co m hi n ed a u to m a ti c el ry pi pe a n el p reac tio n sys te m s 
shall be so constructed that failure of the detection system 
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shall not prevent the system from functioning as a conven- 
tional automatic dry pipe system. 

7.4.1.2 Combined automatic dry pipe and p reaction systems 
shall be so constructed that failure of the dry pipe system of 
automatic sprinklers shall not prevent the detection system 
fro m p r o p e r 1 y fu n c t i o n i n g as an au to ma ti c f i re al a r m s y s te m . 

7.4.1.3 P ro vi s i o n s s h al 1 be i n a d e fo r th e n i a n ual o pe ra ti o n of 
the detection system at locations requiring not more than 
200 ft (61 m) of travel. 

7.4.1.4 Sprinklers. The following types of sprinklers and ar- 
rangements shall be permitted for combined dry pipe and 
p reaction systems: 

( 1 ) U p ri gh t s p ri n k 1 e rs 

( 2 ) *Lis ted d ry s p r i n kl e rs 

( 3 ) Pe n d e n t s p r i n k 1 e rs a n d s i d e wal 1 s pri n kl e rs i n s tal 1 e d o n re- 
turn bends, where both the sprinklers and the return 
bends are located in a heated area 

(4) Horizontal side wall sprinklers, installed so that water is 
not trapped 

7.4.2 Dry Pipe Valves in Combined Systems. 

7.4.2.1 Wh e re th e sys te m co n s i s ts o f m o re than 60 spr i n k 1 e is 
or has more than 275 sprinklers in any fire area, the entire 
system shall be controlled through two 6-in. (152-mm) dry 
pipe valves connected in parallel and shall feed into a com- 
mon feed main. 

7.4.2.2 Wh e re pa ra 1 lei d ry p i pe va 1 ves a re re q u i red by 7.4.2. 1 
these valves shall be checked against; each other'. (See Figure 
7.4.2.2.) 

7.4.2.3 Each dry pipe valve shall be provided with a listed 
tripping device actuated by the detection system. 

7.4.2.4 Dry pipe valves shall be cross-connected through a 
1-in. (25.4-mm) pipe connection to permit simultaneous trip- 
ping of both dry pipe valves. 

7.4.2.5 The 1-in. (25.4-mm) cross-connection pipe shall be 
equipped with an indicating valve so that either dry pipe valve 
can be shut off and worked on while the other remains in 



7.4.2.6 TI l e c h e c k va 1 ves be twe e n th e d ry pip e valves a n d th e 
com m o n fe e d m ai n sh a 1 1 be e q u i p p ed wi th ] /i-\ n . ( 1 3-m m ) by- 
passes so that a loss of air from leakage in the trimmings of a 
dry pipe valve will not cause the valve to trip until the pressure 
i n th e f e e d m ai n i s red u c e d to th e ti i pp i n g po i n t. 

7.4.2.7 An indicating valve shall be installed in each of these 
bypasses so that either dry pipe valve can be completely iso- 
lated from the main riser or feed main and from the other dry- 
pipe valve. 

7.4.2.8 Each combined dry pipe and pre action system shall 
be provided with listed quick-opening devices at the dry pipe 
valves. 

7.4. 3* Exhausters. 

7.4.3.1 One or more listed exhausters of 2-in. (51-mrn) or 
large r s i ze con trol 1 e d by ope rati o n o f a fi re d e tec ti o n sys te m 
shall be installed at the end of the common feed main. 

7.4.3.2 These air exhaust valves shall have soft-seated globe 
o r a n p! e val ves in their i n takes . 



7.4.3.3 Approved strainers shall be installed between the 
globe valves and the air exhaust valves. 

7.4.4 Subdivision of System Using Check Valves. 

7.4.4.1 Where more than 275 sprinklers are required in a 
s i n gl e t ire are a , t h e sys te m s h a 11 b e d i v i d e d in to section. so f 2 7 5 
s p r i n k 1 e r s o r f e we r by means o f c h e c k va Ives. 

7.4.4.2 Where the system is installed in more than one fire 
area or story, not more than 600 sprinklers shall be supplied 
th rough a n y o n e c 1 r e ck valve . 

7.4.4.3 E ac h s ec t i o n sh a 1 1 h ave a 1 .V-\-\ n . ( 3 3- 1 n m ) d ra i n o n tl i e 
s ys te m s i d e o f e ac h check va 1 ve s u p p 1 e m e i 1 1 e d b y a d i y pip e 
system auxiliary drain. 

7.4.4.4 Section drain lines and dry pipe system auxiliary 
drains shall be located in heated areas or inside heated 
cabinets to enclose drain valves and auxiliary drains for 
each section. 

7.4.4.5 Air exhaust valves at the end of a feed main and asso- 
ciated cheek valves shall be protected against freezing. 

7.4.5 Time Limitation. 

7.4.5.1 The sprinkler system shall be so constructed and the 
n umbe r of sp ri n k 1 e rs co n tr o lied s h a 1 1 be so 1 i m i te d tl i a t wa te i ' 
s h a 11 reach th e fa r th e s t s p r i n k 1 e r w i t h i n a p e r i o d < > f t i m e n o t 
exceeding 1 minute for each 400 ft (122 in) of common feed 
main from the time the heat-responsive system operates. 

7.4.5.2 The maximum time permitted shall not exceed 3 
minutes. 

7.4.6 System Test Connection. The end section shall have a 
system test connection as required for dry pipe systems. 

7.5 Antifreeze Systems. 

7.5.1 General. 

7.5.1.1 Then se of a n ti f re e ze so 1 r i ti on s s h a 1 1 1 x i i n c< > n fo r i n i ty 
with state and local health, regulations. 

7.5.1.2 Antifreeze used in ESFR systems shall be specifically 
1 i s ted fo r ESFR a p p 1 i c a ti o n s . 

7.5.2* Antifreeze Solutions. 

7.5.2.1 Wh e re s p ri n kl e r sys te in s a re s nppli ed by po ta b I e vva- 
te r co n n ec tio n s , th e u se o f a n ti f re e ze s o I u ti o 1 1 s o th e r tl i an wa- 
ter solutions of pure glycerine (C.P. or U.S. P. 96.5 percent 
grade) or propylene glycol shall not be permitted. 

7.5.2.2 Glycerine - wa te r a n d p r o py 1 e n e gly c o I - wa te r mixtures 
shown in Table 7.5.2.2 shall be considered suitable for use. 

7.5.2.3 If potable water is not connected to sprinklers, the 
commercially available materials indicated in Table 7.5.2.3 
shall be permitted for use in antifreeze solutions. 

7.5.2.4* An antifreeze solution shall be prepared with a freez- 
ing point below the expected minimum temperature for the 
locality. 

7.5.2.5 Th e specif i c gravi ty o f th e p re pared so I u ti o n shall be 
checked by a hydrometer, in accordance with Figure 
7.5.2.5(a), Figure 7.5.2.5(b), and Figure 7.5.2.5(c), with suit- 
able s cale o r a re f rac to m e te r h a v i 1 1 g a sc: a 1 e ca 1 i b ra ted fo r th e 
a n ti freeze sol u tio n i n vo 1 ve d . 
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Tubing or wiring to fire detection system 




FIGURE 7.4.2.2 Header for Dry Pipe Valves Installed in Parallel for Combined Systems; 
Standard Trimmings Not Shown. Arrows Indicate Direction of Fluid Flow. 
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Table 7.5.2.2 Antifreeze Solutions to Be Used if Potable 
Water Is Connected to Sprinklers 



Material 



Solution 
(by volume) 



Specific 
Gravity 
at 60°F 

(15.6°C) 



Freezing 
Point 



°F 



C 



Glycerine 
CP.orU.S.P. 

grade* 

Hydrometer scale 



50% water 
40% water 

30% water 
1.000 to 1.200 



1.145 

1.171 

1.197 



-20.9 
-47.3 

-22.2 



-29.4 
-44.1 

-30.1 



Propylene glycol 



70% water 
60% water 
50% water 
40% water 



1.027 
1.034 
1.041 
1.045 



+9 

-6 

-26 

-60 



-12.8 
-21.1 
-32.2 
-51.1 



Hydrometer scale 1.000 to 1.200 (subdivisions 0.002) 



C.P. — chemically 

96.5%. 



pure; U.S. P. — United States Pharmacopoeia 



Table 7.5.2.3 Antifreeze Solution to Be Used if Nonpotable 
Water Is Connected to Sprinklers 





Specific 
Gravity 
Solution at 60°F - 


Freezing 
Point 


Material 


(by volume) (15.6°C) 


°F °C 


Glycerine 


See Table 7.5.2.2. 




Diethylene 
glycol 


50% water 1.078 


-13 -25.0 



45% water 1.081 -27 -32.8 

40% water 1.086 -42 -41.1 

Hydrometer scale 1.000 to 1.120 (subdivisions 0.002) 



Ethylene glycol 



61% water 
56%o water 
51% water 
47% water 



1.056 
1.063 
1.069 
1.073 



-10 
-20 
-30 
-40 



Hydrometer scale 1.000 to 1.120 (subdivisions 0.002) 
Propylene glycol See Table 7.5.2.2. 



-23.3 
-28.9 
-34.4 
-40.0 



1.15 
1.14 
1.13 
1.12 
1.11 
1.10 
1.09 
I 1.08 
£ 1.07 

£ 1.06 
Q 

1.05 

1.04 

1.03 

1.02 

1.01 

1.00 

0.99 



Temperature (°C) 
-40 -30 -20-10 10 20 30 40 50 60 70 80 
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FIGURE 7.5.2.5(a) Densities of Aqueous Ethylene Glycol 
Solutions (Percent by Weight). 
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FIGURE 7.5.2.5(b) Densities of Aqueous Propylene Glycol 
Solutions (Percent by Weight). 
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-40.00-20.00 0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 



Temperature (°F) 



Data Sources: 



1 . Density data for 100% water was taken from Lange's Handbook oi Chemistry, Revised Tenth Edition, 
page 1 199. Temperatures have been converted from Celsius to Fahrenheit units, and data points at 10 
degree Fahrenheit multiples have been determined by linear interpolation. Conversion from relative to 
absolute density was achieved by multiplying by 0.999973. 

2. Densities of glycerine-water solutions at 0°C and above were taken from Table III (p. 6) in Glycerol by 
Anthony Armin Newman, C.R.C. Press, 1968. Densities for temperatures below 0°C were taken from 
Table IV. Temperatures have been converted from Celsius to Fahrenheit units, and data points at 10 
degree Fahrenheit multiples have been determined by linear interpolation. 

3. Density data for pure glycerine was taken from Table II (p. 6) in Glycerol by Anthony Armin Newman, 
C.R.C. Press, 1968, and derived from the thermal expansion data in Table 7-9 in Gycerol by Carl S. 
Miner and N.N. Dalton, Reinhold Publishing Corp., 1953 (American Chemical Society Monograph 
Series #1 17) using the density for 0°C as a base point. Temperatures have been converted from 
Celsius to Fahrenheit units, and data points at 10 degree Fahrenheit multiples have been determined 
by linear interpolation. 

4. Freezing points were taken from the article, "Freezing Points of Glycerol and Its Aqueous Solution" by 
Leonard B. Lane in Industrial and Engineering Chemistry, volume 17 (1925), number 9, page 924. 
Temperatures have been converted from Celsius to Fahrenheit units. 

FIGURE 7.5.2.5(c) Densities of Aqueous Glycerine Solutions (Percent by Weight). 



7.5.3 Arrangement of Supply Piping and Valves. 

7.5.3.1* W 1 i e re th e c o n n e c ti o i i be t we e n th e a n t.i 1 re e ze sys te m 
a i id tlv e we t pipe s y s te m d o e s n o t i n c o r p o r a te a ba c kfl ow pre- 
vention device, piping and valves shall be installed as illus- 
trated in Figure 7.5.3.1. 

7.5.3.2* Wh e i e tl 1 e co v^^ e c ti o n be (wee 1 1 th e a n ti freeze sys tern 
and the wet pipe system incorporates a back flow prevention 
device, piping and valves shall be installed as illustrated in 
Figure 7.5.3.2. 

7.5.3.3 Where the connection between the antifreeze solu- 
tion and the wet pipe system incorporates a backfiow preven- 
tion device, a listed expansion chamber of appropriate size 
and p recharged air pressure shall be provided to compensate 
for thermal expansion of the antifreeze solution as illustrated 
in Figure 7.5.3.2. 



7.6 Automatic Sprinkler Systems with Non-Fire Protection 
Connections. 

7.6.1 Circulating Closed-Loop Systems. 

7.6.1.1 System Components. 

7.6.1.1.1 A circulating closed-loop system is primarily a sprin- 
kler system and shall comply with all provisions of this stan- 
dard such as those for control valves, area limitations of a sys- 
te in , a 1 a rrn s , i "i re d ep a r tm e n t; co n n ec ti o n s , sp r i n k 1 e r s pac i n g , 
and so forth except as modified by Section 7.6. 



7.6.1.1.2 Piping, l i 1 1 i n gs , val ves , an d pi p e h a 1 1 ge is s h a 
the requirements specified in Chapter 6. 



meet 



7.6.1.1.3 U n 1 e ss the re q u i re m en ts o f 7.6. 1 .1.4 are me t, a d i- 
e 1 ec tri c f I tti ng s h all be i nsiall ed i n th e j u n c tio n wh e re d issi m i- 
lar piping materials are joined (e.g., copper to steel). 
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Filling cup 



— tAptt- 




Water supply 

\ Water 



Drop 

5 ft 
(1.5 m) 

minimum 



Check valve 
[ 1 / 32 -in. (0.8-mm) 
hole in clapper] 



Pitch to drain 



Drain valve 



Notes: 

1 . Check valve shall be permitted to be omitted where sprinklers are 
below the level of valve A. 

2. The 1 /32-in. (0.8-mm) hole in the check valve clapper is needed to 
allow for expansion of the solution during a temperature rise, thus 
preventing damage to sprinklers. 

FIGURE 7.5,3. 1 Arrangement of Supply Piping and Valves. 



Fill cup or 
filing connection 



Backflow preventer 
with control valves 




Expansion j 
chamber ^ 

valve 



Heated area 



Unheated area 



FIGURE 7.5.3.2 Arrangement of Supply Piping with Back- 
flow Device. 



7.6.1.1.4 Dielectric 1 i tli n gs s h al 1 n o t be re q u i red i n the j u n c- 
ti o n wh e re s p r inkle rs a re con n ec ted to p i p i n g. 

7.6.1.1.5 Other auxiliary devices shall not be required to be 
listed For sprinkler service; however, these devices, such as 
pumps, circulating pumps, heat exchangers, radiators, and lu- 
minaries, shall be pressure rated at 175 psi or 300 psi (1.2.1 bar 
or 20.7 bar) (rupture pressure of five times rated water system 
working pressure) to match the required rating of sprinkler 
system co m pon e n ts . 

7.6.1.1.6 Aux i 1 i a ry d evi ces sh all i n co r p o rate m ate rials of co n- 
struction and be so constructed that they will maintain their 
ph ys i c a 1 i n te g r i ty u n d e r f i re co n d i ti o n s to avo i d i m pa i mi e n t to 
the (ire protection system. 

7.6.1.1.7 Auxiliary devices, where hung from the building 
structure, shall be supported independently from the sprin- 



kler portion of the system, following recognized engineering 
practices. 

7 . 6 . 1 . 2 * Hydraulic Characteristics . V i p i 1 1 g syste i n s fo i ■ a ti a c 1 i ed 
heating and cooling equipment shall have auxiliary pumps or 
an arrangement made to return water to the piping system in 
o rd e r to ass u re th e foil ow i n g : 

( 1 ) Wa te r fo r s p ri nkle rs s h a 1 1 n o t be re q u i re cl to pass th rou gh 
h eati n g o r cool i n g e q u i p m e 1 1 1. 

( 2 ) At 1 east o n e d i rec t p a th sh a II e x is t fo r wa te r II ow fro i n the 
sprinkler water supply to every sprinkler. 

(8) Pipe sizing in the direct path shall be in accordance with 
the d esi gn re q u i re m e n ts o f th i s s ta 1 1 d a i xl . 

(4) No portions of the sprinkler piping shall have less than 
the sprinkler system design pressure, regardless of the 
mode of operation of the attached heating or cooling 
equipment. 

( 5 ) The re s h a 1 1 b e n o 1 oss o r on til ow o f wa te r fro in th e sys te m 
due to or resulting from the operation of healing or cool- 
ing equipment. 

( 6 ) S h u to ff val ve s an d a m ea n s o f d i a i n a ge s h a II be p rovi d ed 
o n p i p i n g to h e ati n g o r c o o 1 i n g e q u i p m e 1 1 1 a t a 1 1 p o i i i ts o f 
connection to sprinkler piping and shall be installed in 
such a manner as to make possible repair or removal of 
any auxiliary component without impairing the service- 
ability and response to the sprinkler system. 

(7) All auxiliary components, including the strainer, shall he 
installed on the auxiliary equipment side of the si into if 
valves. 

7.6.1.3 Water Temperature. 

7.6.1.3.1 Maximum. 

7.6.1.3.1.1 In no case shall maximum water temperature 
flowing through the sprinkler portion of the system exceed 
120 o f"(49°C). 1 

7.6.1.3.1.2 Protective control devices listed for this purpose 
shall be installed to shut down heating or cooling systems 
w hen the te in p e r a tu re o f wa te r fl o w i 1 1 g th i o u g h t h e s p r i n k I < : : r 
portion of the system exceeds 120°F (49°C). 

7.6.1.3.1.3 Where the water temperature exceeds 100°F 
(37.8°C), intermediate or higher temperature-rated sprin- 
klers shall be used. 

7.6.1.3.2 Minimum . P re car i ti o n s shall be ta ke n to ens u re th a t 
te m p e ratu res be 1 ow 40 ° F (4° C ) a re n o t pe rm i tie d . 

7.6.1.4 Obstruction to Discharge. Automatic sprinklers shall 
no the o bs tr u c te d by aux i 1 i a ry d e vi c es , piping, ins til a ti o n , a n d 
so forth, from detecting fire or from proper distribution of 
water. 

7.6.1.5 Signs. Caution signs shall be attached to all valves 
controlling sprinklers. The caution sign shall be worded as 

follows: 

This valve controls [ire protection equipment. Do not 

close un ti 1 afte r fi re lias been ex ti n gu ish ed . U se 

auxil i a ry va 1 ves when ne ce ssa ry to sh u t o fif s 1 1 p p 1 y to 

auxiliary equipment. 

CAUTION: Automatic alarm will be sounded if this valve is 
closed. 

7.6.1.6 Water Additives. 

7.6.1.6.1 Materials added to water shall not adversely a (feet 
th e fi re-fi gh ti n g p ro pe r ti es o f th e wa te r an d s h a 1 1 be i 1 1 co n fo r- 
i u i ty w i tli an y s ta te o r 1 oca 1 h c: a 1 1 h re g illations. 
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7.6.1.6.2 Due care and caution shall be given to the use of 
additives that can remove or suspend scale from older piping 
systems. 

7.6.1.6.3 Where additives are necessary for proper system op- 
eration, due care shall be taken to ensure that additives are 
replenished after alarm testing or whenever water is removed 
from the system. 

7.6.1.7 Waterflow Detection. 

7.6.1.7.1 The supply of water from sprinkler piping through 
auxiliary devices, circulatory piping, and pumps shall not un- 
der any condition or operation, transient or static, cause false 
sprinkler waterflow signals. 

7.6.1.7.2 A sprinkler waterflow signal shall not be impaired 
when water is discharged through an opened sprinkler or 
through the system test connection while auxiliary equipment 
i s i n an y m od e of op e ratio n (on, off, trans i e n t, stabl e ) . 

7.7 Outside Sprinklers for Protection Against Exposure Fires. 

7.7.1 Applications. Exposure protection systems shall be per- 
mitted on buildings regardless of whether the building's inte- 
rior is protected by a sprinkler system. 

7.7.2 Water Supply and Control. 

7.7.2.1* Unless the requirements of 7.7.2.2 are met, sprinklers 
installed for protection against exposure fires shall be sup- 
plied from a standard water supply as outlined in Chapter 15. 

7.7.2.2 Where approved, other supplies, such as manual 
valves or pumps or fire department connections, shall be per- 
mitted to supply water to sprinklers for exposure protection. 

7.7.2.3 Where fire department connections are used for wa- 
ter supply, they shall be so located that they will not be affected 
by the exposing fire. 

7.7.3 Control. 

7.7.3.1 Each system of outside sprinklers shall have an inde- 
pe n d e n t con trol val ve . 

7.7.3.2 Manually controlled open sprinklers shall be used 
only where constant supervision is present. 

7.7.3.3 Sprinklers shall be of the open or automatic type. 
Automatic sprinklers in areas subject to freezing shall be on 
dry pipe systems conforming to Section 7.2 or antifreeze sys- 
te m s con lb r m i n g to Se c tion 7 . 5 . 

7.7.3.4 Automatic systems of open sprinklers shall be con- 
trolled by the operation of fire detection devices designed for 
the specific application. 

7.7.4 System Components. 

7.7.4 J Drain Valves, Each system of outside sprinklers shall 
have a separate drain valve installed on the system side of each 
control valve, except where an open sprinkler, top-fed system 
i s a r ra n ged to fa c i 1 i tate d ra i n age . 

7.7.4.2 Check Valves. 

7.7.4.2.1 Where sprinklers are installed on two adjacent sides 
of a building, protecting against two separate and distinct ex- 
posures, with separate control valves for each side, the end 
lines shall be connected with check valves located so that one 
s p r i n k 1 e r a rou n d the corn e r wi 1 1 ope ra te [see Figure 7. 7. 4. 2. 1 (a) 
and Figure 7. 7. 4. 2. 1 (b)]. 




^ Check 
valve 



Pitch pipe 
to drain 
at the 
sprinklers 



System A ^ 

Check valve 

FIGURE 7.7.4.2.1(a) Typical Arrangement of Check Valves. 



System B 




System A 



FIGURE 7.7.4.2.1(b) Alternate Arrangement of Check 
Valves. 



7.7.4.2.2 The intermediate pipe between the two check valves 
shall be arranged to drain. 

7.7.4.2.3 As an alternate solution, an additional sprinkler 
shall be installed on each system located around the corner 
from the system involved. 

7.7.4.3 System Arrangement. Where one exposure affects two 
sides of the protected structure, the system shall not be subdi- 
vided between the two sides but rather shall be arranged to 
operate as a single system. 

7.7.5 Pipe and Fittings. Pipe and fittings installed on the exte- 
rior of the building shall be corrosion resistant. 

7.7.6 Strainers. A listed strainer shall be provided in the riser 
or feed main that supplies sprinklers having nominal K-factors 
smaller than 2.8 (4.0). 

7.7.7 Gauge Connections. A listed pressure gauge conform- 
ing with 8.16.3 shall be installed immediately below the con- 
trol valve of each system. 

7.7.8 Sprinklers. 

7.7.8.1 Only sprinklers of such type as are listed for win- 
dow, cornice, sidewall, or ridge pole service shall be in- 
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stalled for such use, except where adequate coverage by use 
of o th e r ty pes o f 1 i s te d sprinkle rs a n d / o r n o z z 1 e s h as been 
demonstrated. 

7.7.8.2 Small-orifice or large-orifice sprinklers shall be per- 
mitted. 

7.8* Refrigerated Spaces. 

7.8.1 Spaces Maintained at Temperatures Above 32°F (0°C). 
Where temperatures are maintained above 32°F (0°C) in re- 
frigerated spaces, the requirements in this section shall not 
apply. 

7.8.2* Spaces Maintained at Temperatures Below 32°F (0°C). 

7.8.2.1 General. 

7.8.2.1.1 Where sprinkler pipe passes through a wall or floor 
into the refrigerated space, a section of pipe arranged for re- 
moval shall be provided immediately inside the space. 

7.8.2.1.2 Th e re m ovabl e 1 e n g th o f p i pe re q u i red in 7.8.2.1.1 
shall be a minimum of 30 in. (762 mm). 

7.8.2.2 Low Air Pressure Alarm. 

7.8.2.2.1 Unless the requirements of 7.8.2.2.2 are met, a low 
air pressure alarm to a constantly attended location shall be 
installed. 

7.8.2.2.2 Systems equipped with local low pressure alarms 
and an automatic air maintenance device shall not be re- 
quired to alarm to a constantly attended location. 

7.8.2.3 Piping Pitch. Piping in refrigerated spaces shall be in- 
stalled with pitch as outlined in 8.15.2.3. 

7.8.2.4* Air or Nitrogen Supply. Air or nitrogen supply for 
sys te m s s h a 11 be on e o 1: th e f:b 1 1 owi n g : 

(1) Air from the room of lowest temperature to reduce the 
moisture content 

(2) Air com pressor/ dryer package listed for the application 
utilizing ambient air 

(3) Compressed nitrogen gas from cylinders used in lieu of 
compressed air 

7.8.2.5* Control Valve. An indicating-type control valve for op- 
erational testing of the system shall be provided on each sprin- 
kler riser outside of the refrigerated space. 

7.8.2.6* Check Valve. 

7.8.2.6.1 Unless the requirements of 7.8.2.6.2 are met, a 
check valve with a %2-in. (2.4-mm) diameter hole in the clap- 
per shall be installed in the system riser below the test valve 
required in 7.8.2.5. 

7.8.2.6.2 Check valve s sh al 1 n o t be re q u i red wh e re d ry pipe o r 
preaction valves are used and designed to completely drain all 
water above the seat and that are listed for installation without 
p r i m i n g wa te r re ma i n i n g a n el wh e re p r i m i n g wa te r i s no t use d 
in the system riser. 

7.8.2.7* Air or Nitrogen Supply Piping. 

7.8.2.7.1 The air or nitrogen supply piping entering the 
freeze r are a sh a 1 1 be as s tate d i n 7 . 8 . 2 . 7 . 1 . 1 an d 7 . 8 . 2 . 7 . 1 . 2 . 

7.8.2.7.1.1 Air Supply. The supply piping shall be equipped 
with two easily removable supply lines at least 6 ft (1.9 m) long 
and at least 1 in. (25.4 mm) in diameter as shown in Figure 
7.8.2.7.1.1. 



7.8.2.7.1.2 Nitrogen Supply. The supply piping shall be 
equipped with a single easily removable supply line at least 6 ft 
(1.9 m ) 1 o n g an d at 1 e as t 1 in. ( 2 5 . 4 m m ) in d i a m e te r. 

7.8.2.7.2 Each supply line shall be equipped with control 
valves located in the warm area. 

7.8.2.7.3 Only one air supply line shall be open to supply the 
system air at any one time. 

7.9 Commercial-Type Cooking Equipment and Ventilation. 

7.9.1 General. In co o ki n g a tea s p ro te c ted by au to m a tics p ri n - 
klers, additional sprinklers or automatic spray nozzles shall be 
p rovi ded to p ro tec t com m e re i a 1 -ty p e cook i n g e q u i p m e n t an d 
ventilation systems that are designed to carry away grease- 
laden vapors unless otherwise protected. (See NFPA 96, Stan- 
dard for Ventilation Control and. Fire Protection of Commercial Cook- 
ing Operations. ) 

7.9.2* Sprinklers and Automatic Spray Nozzles. 

7.9.2.1 U n 1 ess th e re q u i re m e n ts o f 7.9.2.2 a re m e t, s ta n d a \x\ 
sprinklers or automatic spray nozzles shall be so located as to 
provide for the protection of exhaust ducts, hood exhaust 
duct collars, and hood exhaust plenum chambers. 

7.9.2.2 Sprinklers or automatic spray nozzles in ducts, duct 
coll a rs , and pie n u m c h am be rs s h a 1 1 n o t be re q u i re d w h e re al 1 
c o o ki n g eq u i p me n t is se rved by 1 i s te d g re ase e x tra c to rs . 

7.9.3 Sprinkler and Automatic Spray Nozzle Location — 
Ducts. 

7.9.3.1 U n 1 ess th e re q u i re m e n ts o f 7.9. 3 . 2 o r 7 . 9 .3.4 are m e t, 
exhaust ducts shall have one sprinkler or automatic spray 
nozzle located at the top of each vertical riser and at the mid- 
point of each offset. 

7.9.3.2 Sprinklers or automatic spray nozzles shall not be re- 
quired in a vertical riser located outside of a building, p ro- 
vi d e d th e ri se r does n o t e x p ose co m b u s ti b 1 e m a te r i al o r pro- 
vide d th e i n te r i o r of tl i e bu i 1 d i n g an d th e h o r i zo n tal d i s ta n ce 
between the hood outlet and the vertical riser is at least 25 ft 
(7.6 m). 

7.9.3.3 Unless the requirements of 7.9.3.4 are met, horizon- 
tal exhaust ducts shall have sprinklers or automatic spray 
nozzle devices located on 10 ft (3 m) centers beginning no 
m o re th a n 5 ft ( 1 . 5 m ) fro m th e d uc t e n tra n c e . 

7.9.3.4 Sprinklers or automatic spray nozzles shall not be re- 
q u i red wh e re th e e n ti re ex h au s t d u c t i s co n n e c ted to a 1 i s te d 
exhaust hood incorporating a specific duct collar and sprin- 
kler (or automatic spray nozzle) assembly that has been inves- 
tiga te d a n d be e n sh own to p ro te c t an u n 1 i m i te d 1 e n g t h o f d u c t 
in accordance with UL 300, Standard for Safety Fire Testing of Fire, 
Fxtinguishing Systems for Protection of Restaurant Cooking Areas. 

7.9.3.5 A sprinkler(s) or an automatic spray nozzle (s) in ex- 
haust ducts subject to freezing shall be properly protected 
agai n s t f r e e z i n g by a p p rove d m e an s . (See 8. 15.3. L) 

7.9.4 Sprinkler and Automatic Spray Nozzle Location — Duct 
Collar. 

7.9.4.1 Each hood exhaust duct collar shall have one sprin- 
kler or automatic spray nozzle located I. in. minimum to 1.2 in. 
maximum (25.4 nun minimum to 305 mm maximum) above 
th e poi n t of d net coll a r co n n ec ti on i n th e h ood pie n u m . 
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Heated area 



7$& 30 in. Refrigerated space 
Two easily removed M (762 mm) 
sections of pipe 4// u | / 



Normally open 
control valve 




Air supply source 



Air pressure 

Water supply source 



Notes: 

1 . Check valve with 3 /32-in. (2.4-nnm) hole in clapper not required if prime 
water not used. 

2. Supply air to be connected to top or side of system pipe. 

3. Each removable air line shall be a minimum of 1 in. (25 mm) diameter 
and a minimum of 6 ft (1 .8 m) long. 

FIGURE 7.8.2.7.1.1 Refrigerator Area Sprinkler System Used to Minimize the Chances 
of Developing Ice Plugs. 



7.9.4.2 Hoods th a t h a ve 1 i s ted II re d a m pe rs 1 oca ted in th e d net 
collar shall be protected with a sprinkler or automatic spray 
nozzle located on the discharge side of the damper and shall be 
so positioned as not to interfere with damper operation. 

7.9.5 Sprinkler and Automatic Spray Nozzle Location — 
Exhaust Plenum Chambers. 

7.9.5.1 Hood ex h a i is I p.l e n u rn c 1 1 am be rs shall h a ve on e spri n- 
kler or automatic spray nozzle centered in each chamber not 
exceeding .10 ft (3 m) in length. 

7.9.5.2 Pie n. 1 i i n c 1 1 a rn be rs g rea te r th an 1 ft ( 3 m ) i n 1 e n g th 
shall have two sprinklers or automatic spray nozzles evenly 
spaced, with the maximum distance between the two sprin- 
klers not to exceed 10 ft (3 in). 

7.9.6 Sprinkler and Automatic Spray Nozzle Temperature 
Ratings and Orifice Sizes. 

7.9.6.1 Where the exposed temperature is expected to be 

300 °.F (I49°C) or less, sprinklers, or automatic spray nozzles 
being used in duel, duct collar, and plenum areas shall be of 
the extra high— temperature classification [325°F to 375° F 
(163°Cto 19i°C)]. 

7.9.6.2 When use of a temperature-measuring device indi- 
cates temperatures above 300° F (149°C), a sprinkler or auto- 
i n a t i c s p r a y n o /:/. I e of h i g h e r c 1 a s s i 11 c a t. i o n. s h a 1 1 b e use d . 



7.9.6.3 Sprinklers or automatic spray nozzles being used in 
duct, duct collar, and plenum areas shall have orifice with 
K-f actors not less than 1.4 and not more than 5.6. 

7.9.7 Sprinkler and Automatic Spray Nozzle. Access shall be 
provided to all sprinklers or automatic spray nozzles for ex- 
amination and replacement. 

7.9.8 Cooking Equipment. 

7.9.8.1 General . Co o k i n g eq u i pm e n t; ( s u c h a s d e e p fat f rye rs , 
ranges, griddles, and broilers) that is considered to be a 
source of ignition shall be protected in accordance with the 
provisions of 7.9.1. 

7.9.8.2 Listed Sprinkler and Automatic Spray Nozzles. 

7.9.8.2.1 A sp r i n k 1 e r o r a u to ma ti c s pray n ozz 1 e used for- p ro- 
tection of deep fat fryers shall be listed for that application. 

7.9.8.2.2 Th e pos i ti on , a r ra n ge m e n t 7 1 ocati o n , a nd wa te r s u p- 
ply for each sprinkler or automatic spray nozzle shall be in 
accordance with its listing. 

7.9.8.3 Fuel and Heat Shut Off. 

7.9.8.3. 1 The operation of any cooking equipment sprinkler or 
automatic spray nozzle shall automatically shut off all sources of 
f u el a nd hea t to a 1 1 eq u ipm e n t req ui ri n g p ro tec ti on . 
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7.9.8.3.2 Any gas appliance not requiring protection but lo- 
cated u n d e r ve n ti 1 a ti n g eq u i p men t shall a 1 s o b e sh u t o IT. 

7.9.8.3.3 All shutdown devices shall be of the type that re- 
quires manual resetting prior to fuel or power being restored. 

7.9.9 Indicating Valves. A listed indicating valve shall be in- 
stalled in the water supply line to the sprinklers and spray 
n ozzl es p ro te c ti n g the coo ki ng a n d ve n ti 1 a ti n g sys te in . 

7.9.10 Strainers. A listed line strainer shall be installed in the 
main water supply preceding sprinklers or automatic spray 
nozzles having nominal K-factors smaller than 2.8 (4.0). 

7.9.11 Test Connec tio n . A sys te in tes t c o n n e c t ion s h al 1 be p ro- 
vided to verify proper operation of equipment specified in 

7.9.8.3. 

7.9.12 Sprinkler and Automatic Spray Nozzle Replacement. 

7.9.12.1 Unless the requirements of 7.9. 12.2 are met, sprin- 
klers and automatic spray nozzles used for protecting 
co m m e re: i al-t y pe c o o k i n g eq u i p m e n t a n d ve n ti la ti n g sys terns 
shall be replaced annually. 

7.9.12.2 Where automatic bulb-type sprinklers or spray 
nozzles are used and annual examination shows no buildup of 
grease or other material on the sprinklers or spray nozzles, 
such s p ri n k 1 e i ;s o i - s pray n o zz 1 es a hall be pe rm i tted to be co n - 
tinned in use. 



Chapter 8 Installation Requirements 

8.1* Basic Requirements. 

8.1.1* The requirements for spacing, location, and position of 
spri n kl e rs sh al 1 be based o n the foil owi n g p ri n cip 1 es: 

( 1 ) S p r i n kl e rs s h a 1 1 be i. n s ta 1 1 e d th ro u gh o u t th e p re m is es . 

( 2 ) Sp r i n kl e rs sh al 1 be 1 o ca te cl so as n o t to exeee d m ax i m u m 
p ro te c ti o n are a p e r sp r i n kl e r. 

( 3 ) Sp ri n k 1 e is s h a 1 1 be pos i ti o n ed a n d I ocated s o as to p ro vi de 
satisfactory performance with respect to activation lime 
and distribution. 

(4) Sprinklers shall be permitted to be omitted from areas 
specifically allowed by this standard. 

(5) When sprinklers are specifically tested and test results 
d e mo n s tra te th at d e via ti o n s fro m cl eara nee re q u i re n i e n ts 
to structural members do not impair the ability of the 
sprinkler to control or suppress a fire, their positioning 
and locating in accordance with the test results shall be 
permitted. 

(6) Clearance between sprinklers and ceilings exceeding the 
maximums specified in this standard shall be permitted 
provided that tests or calculations demonstrate compa- 
rable sensitivity and performance of the sprinklers to 
those installed in conformance with these sections. 

8.1.2* System valves and gauges shall be accessible for opera- 
tion, inspection, tests, and maintenance. 

8.2 System Protection Area Limitations. 

8.2.1 The maximum floor area on any one floor to be pro- 
tected by sprinklers supplied by any one sprinkler system riser 
o r co m b i n eel sys te m riser s h a 1 1 be as fo 1 1 o ws: 

(1.) Light hazard — 52,000 fr (4831 nr) 
(2) Ordinary hazard — 52,000 ft: 2 (4831 m 2 ) 



(3) Extra hazard 

(a) Pipe schedule — 25,000 lr (2323 nr) 

(b) Hydraulically calculated — 40,000 It" (37 15 ar) 

( 4 ) S to rage — H i gh -p i 1 ed s to ra ge ( a s cl e fi n e cl in 3 . 3 .12) a n d 
storage covered by other NFPA standards — 40,000 fr 

(3716 nr) 

8.2.2 The floor area occupied by mezzanines shall not be 
incl tided i n th e a rea 1 i m its of 8.2. 1 . 

8 . 2 . 3 W h e re si n gi e system s p ro tec t ex tra 1 1 a /.a i cl , 1 1 i gh-p i 1 ed s to i - 
age , or s to rage cove red by o th e r NFPA s ta 1 1 d < irds , a n d o i x 1 i n a i y o i ■ 
light hazard areas, die extra hazard or storage area coverage shall 
n o t exc e e d th e fl o o i ' a re a s pec i f i e d ft > r 1 h a t 1 i a za i'(\ a nd th e to t a 1 
area coverage shall not exceed 52,000 fr (4831 nr). 

8.3 Use of Sprinklers. 

8.3.1 General. 

8. 3. 1 . 1 * Sp ri n kl e rs sh all be i n st al I ed i n acco i cl a n ce wi th th e i r 
listing. 

8.3.1.2 T he re q u i re m e n ts o f 8.3. 1 . 1 s 1 i al 1 n o t ap p 1 y w 1 i e re 
construction features or other special situations require un- 
u s u al wa te r d i s tr i b u ti o 1 1 , a n cl 1 i s ted s p r in k 1 e i s s h a II be p e nn i t- 
ted to be installed in positions other than anticipated by their 
listing to achieve specific results. 

8.3.1.3* Upright sprinklers shall be installed with the frame 
arms parallel to the branch line, unless specifically listed for 
other orientation. 

8.3.1.4 Whe re solve n t ce m e n t i s u se cl a s tl i e p i p e a n d ( i tti n gs 
bondi n g age n t, spri n kle rs s 1 i al 1 n o t be i nsla 1 1 ed i n the fi tti n gs 
p r i o r to th e fi tti 1 1 gs b e i n g c e i n e i i te d in p 1 a ce . 

8.3.2 Temperature Ratings. 

8.3.2.1* Unless the requirements of 8.3.2.2. 8.3.2.3, 8.3.2.4, or 

8.3.2.5 are m e t , o rd i na i y te in p e ra t:u i e- ra te cl s p r i n kl e rs s h a 1 1 
be u se cl th rou gh o u t bu i 1 cl i n gs . 

8.3.2.2 W 1 1 e re m ax i m u m ce i 1 i n g te 1 1 1 pe ra t u res ex ce e d 1 00 ° F 
(38°C), sprinklers with temperature ratings in accordance 
wi th th e m ax i n i u m ce i 1 i n g te m pe ra tn res o 1 Tabl e 6. 2.5.1 s h al 1 
be used. 

8.3.2.3 Intermediate- and high-temperature sprinklers shall 
be permitted to be used throughout ordinary and extra haz- 
ard occupancies and as allowed in this standard and other 
NFPA codes and standards. 

8.3.2.4 Sprinklers of intermediate- and high-temperature 
classifications shall be installed in specific locations as re- 
quired by 8.3.2.5. 

8.3.2.5 The following practices shall be observed fo provide 
s p ri n kl e is o f oth e r than orcl i n a 17-f e m pe ra tu re cl assi fi ca tio n 
unless other temperatures are determined or unless high- 
tempe ra tu re spri n kl e rs are used th rough on t a n cl te m pe ra tu re 
selection shall be in accordance with Table 8.3.2.5(a), fable 
8.3.2.5(b), and Figure 8.3.2.5: 

( 1 ) S p ri n k 1 e r s i n th e h i g h- te 1 n p e ra t u re z on e s 1 i a lib e of t h e 
h i gh - te m p e ra tu re: c 1 ass i fi c a t i o 1 1 , a n d s p ri n kl e rs in 1 1 i e 
intermediate-temperature zone shall be of the in term eel i a te- 
tem peratu re classi iicat ion . 
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( 2 ) Sp i in kl e is I oca ted wi th in 12 in. ( 305 m m ) to on e side or 
30 in. (762 mm) above an uncovered steam main, heating 
coil, or radiator shall be of the intermediate-temperature 
classification. 

(3) Sprinklers within 7 ft (2.1 m) of a low-pressure blowoff 
valve that disc lunges free in a large room shall be of the 
h i g 1 1 - te m pe ra u t re c; 1 ass i f i ca tic n . 

(4) Sprinklers under glass or plastic skylights exposed to the 
direct rays of the sun shall be of the intermediate- 
temperature classification. 

( 5 ) Sp i: i n kl e rs i n a n u n ve n ti 1 a te d , con ce al ed space , u n d e r a n 
uninsulated roof or in an un vent.il a ted attic shall be of 
the in termediate-temperature classification. 

(6) Sprinklers in un vend la ted show windows having high- 
powered electric lights near the ceiling shall be of the 
i n t e rni ed i a te-te m pe ra tu re classi fi ca ti o n . 

(7) Sprinklers protecting commercial-type cooking equip- 
m e n t a n d ve n ti 1 a ti o n sys te mss h a 1 1 be of th e h i gh- o rex tra 
liigh-tempei'ature classification as determined by use of a 
te in p e r a 1 1 1 r e-m e a s u r i n g d e vi c e . (See 1.9.6.) 

(8) Sprinklers protecting residential areas installed near spe- 
cific heat sources identified in Table 8.3.2.5(c) shall be 
i n sta lied in accorda n ce wi th Table 8.3.2.5(c). 

8.3.2.6 In case of occupancy change involving temperature 
c h a n ge , t h e s p r i n k I e is shall b e c: 1 i a n ge d ac c o r d i n gl y. 

8.3.2.7* The minimum temperature rating of ceiling sprin- 
klers in general storage, rack storage, rubber tire storage, roll 
paper storage, and baled cotton storage applications shall be 
150°F(66°C). 



B= 0.5774 xA 
C^ 1.1547 xA 




B_ 

11 ft6 11 /i 6 in. 



SI units: 1 in. = 25.4 mm; 1 ft = 0.31 m. 



FIGURE 8.3.2.5 High-Temperature and Intermediate- 
Temperature Zones at Unit Heaters. 



Table 8.3.2.5(a) Temperature Ratings of Sprinklers Based on Distance from Heat Sources 



Type of Heat Condition 



Ordinary Degree Rating 



Intermediate Degree Rating 



High Degree Rating 



(J) Heating duels 

(a) Above 

(b) Side and below 

(c) Diffuser 



(2) Unit heater 

( a ) H o r i zo n ta I d i s c h a r ge 



( b ) Ve r t i .ca l d own wa rd 

<:l i se h a rge (for sprinklers below 
unit healer, see Figure 8.3.2.5) 



( 3 ) S t: e a n i mains (in i c o ve re d ) 

(a) Above 

(b) Side and below 

(c) Blowoff valve 



More than 2 ft 6 in. 
More than I f t in. 
Any distance except as shown 

u n d e r I n te rm e d i a te D egre e 

Rating column 



More than 2 ft 6 in. 
More than 1 ft in. 
More than 7 ft in. 



2 ft 6 in. or less 

.1 ft in. or less 

Downward discharge: Cylinder with 
1 ft in. radius from edge 
e x te n d i n g 1 ft in. b e 1 o w a n d 2 ft 
6 in. above 

Horizontal discharge: Sem icyli nder 
with 2 ft 6 in. radius in direction 
of flow extending 1 ft in. below 
and 2 ft 6 in. above 

Discharge side: 7 ft in. to 20 ft in. 

radius pie-shaped cylinder (see 

Figure 8.3.2.5) extending 7 ft in. 

above and 2 ft in. below heater; 

also 7 ft in. radius cylinder more 

than 7 ft in. above unit heater 
7 ft in. radius cylinder extending 

upward from an elevation 7 ft in. 

above unit heater 



2 ft 6 in. or less 
1 ft in. or less 



7 ft in. radius cylinder 
extending 7 ft in. 
above and 2 ft in. 
below unit heater 



7 ft in. radius cylinder 
ex te n d i ng fro in th e top 
of the unit heater to an 
elevation 7 ft in. above 
unit heater 



7 ft in. or less 



For SI units, 1 in. - 25.4 mm; 1 1:1 = 0.3048 m. 
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Table 8.3.2.5(b) Ratings of Sprinklers in Specified Locations 



Location 



Ordinary Degree 
Rating 



Intermediate Degree 
Rating 



High Degree 
Rating 



Skylights 

Attics 

Peaked roof: metal or thin boards, 
concealed or not concealed, 
insulated or uninsulated 

Flat roof: metal, not concealed 



Ventilated 
Ventilated 



Ventilated or unventilated 



Flat roof: metal, concealed, insulated Ventilated 

or uninsulated 
Show windows Ventilated 



Glass or plastic 

Unventilated 

Unventilated 



Note: For uninsulated roof, 
climate and insulated or 
uninsulated occupancy can 
necessitate intermediate 
sprinklers. Check on job. 

Unventilated 

Unventilated 



Note: A check of job condition by means of thermometers might be necessary. 



Table 8.3.2.5(c) Ratings of Sprinklers in Specified Residential Areas 







Minimum Distance from 


Minimum Distance from 






Edge of Source to 


Edge of Source to 






Ordinary-Temperature 


Intermediate-Temperature 




Heat Source 




Sprinkler 




Sprinkler 




in. 


mm 


in. 




mm 




Side of open or recessed 


36 


914 


12 




305 




flrep lace- 














Front of recessed fireplace 


60 


1524 


36 




914 




Coal- or wood-burning stove 


42 


1067 


12 




305 




Kitchen range 


18 


457 


9 




229 




Wall oven 


18 


457 


9 




229 




Hot air flues 


18 


457 


9 




229 




Uninsulated heat ducts 


18 


457 


9 




229 




Uninsulated hot water pipes 


12 


305 


6 




152 




Side of ceiling- or wall-mounted 


24 


607 


12 




305 




hot air diffusers 














Front of wall-mounted hot air 


36 


914 


18 




457 




diffusers 














Hot water heater or furnace 


6 


152 


3 




76 




Light Fixture: 


6 


152 


3 




76 




W-250 W 














250 W-499 W 


12 


305 


6 




152 



8.3.3 Thermal Sensitivity. 

8.3.3.1* Sprinklers in light hazard occupancies shall be one of 
the following: 



(1) 

(2) 

(3) 



(4) 



Quick-response type as defined in 3.6.2.9 
Residential sprinklers in accordance with the require- 
ments of 8.4.5 

Standard response sprinklers used for modifications or 
additions to existing light hazard systems equipped with 
standard response sprinklers 

Standard response sprinklers used where individual stan- 
dard response sprinklers are replaced in existing light 
hazard systems 



8.3.3.2 Where quick-response sprinklers are installed, all 
sprinklers within a compartment shall be of the quick- 
response type. 

8.3.3.3 Where circumstances require the use of other than 
ordinary temperature-rated sprinklers, standard response 
sprinklers shall be permitted to be used. 

8.3.3.4 When existing light hazard systems are converted to 
use quick-response or residential sprinklers, all sprinklers in a 
compartmented space shall be changed. 

8.3.4 Small Orifice Sprinklers. 

8.3.4.1 For light hazard occupancies not requiring as much 
water as is discharged by a sprinkler with a nominal K-f actor of 
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5.0 operating at 7 psi (0.5 bar), sprinklers having a smaller 
o ri fi ce s h a lib e p e r m i tie d s u b j e c t to th e J:c>l 1 o\v i n g re s t r i c ti on s : 

( 1 ) Tli e sys te m sh a 1 1 be h yd ra u 1 i ca 1 ly calc u I a ted . 

( 2 ) S p riri k .1 e i s wi th K-fa c to rs o f 1 ess th a n 5 . 6 s h a 1 1 be i n s ta 1 1 e d 
only in wet pipe sprinkler systems or in accordance with 
the limitations of 8.3.4.2. 

(3) A listed strainer shall be provided on the supply side of 
sprinklers with nominal K-faclors of less than 2.8. 

8.3.4.2 Sprinkle rs w i t.1 1 K-f a c to rs of less t h a n 5 . 6 s h a 1 1 be p e r- 
rnitted to be installed in conformance with 1 1.2.3.7 for protec- 
ti o 1 1 a ga i n s t e x post i re 1 i res . 

8.3.5 Thread Size Limi tati ons. S p ri n k 1 e rs h a v i n g a K-fac to r e x- 
c: e e d i n g 5 . 6 a n d h a v i n g '/&- i n . (1 3-m m ) N a ti o n a 1 Pi p e Th read 
( N PT ) s h a 1 1 n o ( be i n s la 1 1 ed i n n e vv sp r i n k 1 e r sys te m s . 

8.4* Application of Sprinkler Types. Sprinklers shall be se- 
lected for use as indicated in this section and shall be posi- 
tioned and spaced as described in Section 8.5. 

8.4.1 Standard Upright and Pendent Spray Sprinklers. 

8.4.1.1 U p ri g 1 1 t a n d pe n d e n t s p ray sprinkle rs s h a 1 1 be pe rm i t- 
ted in all occupancy hazard classifications and building con- 
struction types. 

8.4.1.2 Quick-response sprinklers shall not be permitted for 
u s e i 1 1 ex 1 ra 1 1 a za ixl o cc u pa n c i es u n d e r the d e n s i t.y-a rea d esi gn 
method. 

8.4.2 Sidewall Spray Sprinklers. Sidewall sprinklers shall only 
b e ins ta 1 1 e d as loll o ws : 

(1 ) Light hazard occupancies with smooth, horizontal or 
sloped, flat ceilings 

(2) Ordinary hazard occupancies with smooth, flat ceilings 
where specifically listed for such use 

( 3 ) To p ro te c t a reas be low o ve r 1 1 ea d d oo rs 

8.4.3 Extended Coverage Sprinklers. Extended coverage 
s p ri 1 1 kl e rs s h all o 1 1 1 y be ins ta 1 1 ed as fo 1 1 o ws: 

( 1 ) U n o bs 1 r 1 1 c te d c o 1 1 s I r u c t i o n c o n si s ti n g of 11 a t, s m o o t h 
ce i I i n gs wi 1:1 1 a s 1 ope n o t e x ce ed i n g a p i tc h of on e i n six 
(a rise of two units in a run of 12 units, a roof slope of 
1 6.7 percent) 

(2) Unobstructed or n on combustible obstructed construc- 
t ion, \ v 1 1 ere sped. I i c a 1 1 y 1 i s te d f o r s u c 1 1 u s e 

(3) Within trusses or bar joists having web members not 
greater than I in. (25.4 mm) maximum dimension or 
where trusses are spaced greater than 1Y± ft (2.3 m) on 
center and where the ceiling slope does not exceed a 
pitch oi one in six (a rise of two units in a run of 12 units, 
a ro o I s 1 o p e of 1 6 . 7 pe rce n t. ) 

(4) Under smooth, flat ceilings that have slopes not exceed- 
ing a pitch of one in three (a rise of four units in a run oi' 
1 2 u n i is , a 1 o of s 1 o p e of 3 3 . 3 p e ice n t) , wh e re spec if leal 1 y 
listed for such use 

8.4.4 Open Sprinklers. 

8.4.4.1 Open sprinklers shall be permitted to be used in del- 
uge sys te ms to p ro te c t; sp e c i a 1 h a za rd s or e x pos u res or i n o th e r 
special locations. 

8.4.4.2 O pe n s p r i n k 1 e rs s 1 i a 1 1 be i n s tall ed i n acco rd a n ce wi t h 
all applicable requirements of this standard for their auto- 
matic counterpart. 



8.4.5 Residential Sprinklers. 

8.4.5. 1* Residential sprinklers shall be permitted in dwelling 
units and their adjoining corridors provided they are installed 
in conformance with their listing. 

8.4.5.2 Residential sprinklers shall be used only in wet sys- 
tems unless specifically listed for use in dry systems or p reac- 
tion systems. 

8.4.5.3 Where residential sprinklers are installed in a com- 
partm en t as d efi n ed i n 3 . 3 . 6, all sp ri n kl e rs wi th i n the com pa 1 1- 
m en t shall be of the fast-response type that meets the criteria 
of 3.6. 1(a)(1). 

8.4.6 Early Suppression Fast-Response (ESFR) Sprinklers. 

8.4.6.1 E S FR sp r i n kl ers s h a 11 be u s ed o n I y i n we t p i pe sys te m s 
unless specifically listed for use in dry systems where specifi- 
cally listed for such service. 

8.4.6.2 ESFR sprinklers shall be installed only in buildings 
where roof or ceiling slope above the sprinklers does not ex- 
ceed a pitch of two in 12 (a rise of two units in a run of 12 units, 
a roof slope of 16.7 percent). 

8.4.6.3* ESFR sprinklers shall be permitted for use in build- 
ings with unobstructed or obstructed construction. Where 
depths of the solid structural members (beams, stem, etc.) 
e xc eed 1 2 in . , E S FR sp r i n k 1 e rs s h all be i n s ta Med i n e ac h c h a n- 
nel formed by the solid structural members. Minimum sprin- 
kler spacing and area oi coverage shall comply with the re- 
quirements of 8.12.2 and 8.12.3. 

8.4.6.4 Draft Curtains. 

8.4.6.4.1 Wh e re ESFR sp r i n k 1 e r sys te i n s a re i n s ta 1 1 e d ad j ace n t 
to s pri n k 1 e r sys te m s wi th s ta n d a rd i es p o use spri n k 1 e rs, a d raft 
curtain of non combustible construction and at least 2 ft 
(0.6 m) in depth shall be required to separate the two areas. 

8.4.6.4.2 A cl ea r a i s 1 e of at 1 e as t 4 ft ( 1 . . 2 m ) ce n te re d be 1 o w 
the draft curtain shall be maintained for separation. 

8.4.6.5 Temperature Ratings. Sprinkler temperature ratings 
for ESFR sprinklers shall be ordinary unless 8.3.2 requires 
i n te r me d ia te- o r h i gh - te m pe rat u re rati n gs . 

8.4.7 Large Drop Sprinklers. 

8.4.7.1 Large drop sprinklers shall be permitted to be used in 
wet, dry or p reaction systems. 

8.4.7.2 * Galvanized Pipe. 

8.4.7.2.1 Where steel pipe is used in p reaction and dry pipe 
systems, piping materials shall be limited to internally galva- 
nized steel. 

8.4.7.2.2 Non ga 1 va n i zed f i. tti n gs sh a 1 1 be pe r m i tted . 

8.4.7.3 Temperature Ratings. 

8.4.7.3.1 Unless the requirements of 8.4.7.3.2, 8.4.7.3.3, or 
8.4.7.3.4 are met, sprinkler temperature ratings shall be the 
same as those indicated in Table 8.3.2.5(a) and Table 
8.3.2.5(b) or those used in large-scale fire testing to determine 
th e pro te c ti o n re q u i rem e n ts f o r th e h a za rd i n vol ved . 

8.4.7.3.2 Sprinklers of intermediate- and high-temperature 
ratings shall be installed in specific locations as required by 

8.3.2" 



2002 Edition 



INSTALLATION REQUIREMENTS 



13-43 



8.4.7.3.3 In storage occupancies, ordinary, intermediate, or 
h i gh t.e m p e ra tu r e-ra ted s p ri n kle rs s h all be used fo r we t p i p e 
systems. 

8.4.7.3.4 In s to rage occ 1 i pa n c i es , h igh te in p e ra tu i e-ra te d 
s p i i n k I e rs s h a 1 1 1) e u s e d fo i ~ d ry pi p e s y s te m s . 

8.4.8 QRES. (Reserved) 

8.4.9 Special Sprinklers. 

8.4.9.1* Special sprinklers that are intended for the protec- 
tion of specific hazards or construction features shall be per- 
m i tie d wh e re s u c h d e v ices h a ve be e n e va I u a te d a n d 1 i s te d fo r 
p e r fo rm a n c e u n d e r 1 1 i e fo 1 1 o w i n g c o n d i ti on s : 

( 1 ) Fi re tes ts r el a te d to t h e i n te n d e d h azard 

( 2 ) D i s tri bu ti o n of th e s p ray p a tte r n w i th re s pe c t to we tti n g o f 
floors and walls 

( 3 ) D istri buti on o f th e sp ray pa tte in vvi th respect to obs truclio 1 i s 

( 4 ) Eval u a ti on o f t h e th e rm a 1 se n s i ti vi ty of th e s p r i n k 1 c r 

( 5 ) P e r f x > rm a nee u 1 1 cl e r h o r i z o n t a 1 o r s 1 o p e d c e i 1 i n gs 

(6) Area of design 

8.4.9.2 Special sprinklers shall maintain the following 
characteristics: 

( 1 ) O r i 11 ce s ize s h al I be i 1 i ace o rd a n c e wi th (3.2.3. 

(2) Temperature ratings shall be in accordance with Table 
6.2.5.1. 

(3) The protection area of coverage shall not exceed 400 ft" (36 
m ^ ) fo r light h aza rd a n d o rd i n a ry 1 i a za rd oca i pa n ci es. 

(4) The protection area of coverage shall not exceed 1 96 ft 2 ( 1 7 
m~) for extra h azard and high-piled storage occupancies. 

8.5 Position, Location, Spacing, and Use of Sprinklers. 

8.5.1 General. 

8.5.1.1 Spi i n kle rs s h a libel o c ate cl , s paced , a nd posi ti on ed i n 
a c co rd an ce wi th th e re q u i re n i e n ts o f Se c ti o n 8.5. 

8.5.1.2 Sprinklers shall be positioned to provide protection 
o f th e a re a c o n s is te n t; wi th th e ove ra 1 1 o bjecti ves o f th i s s ta n - 
(laid by controlling the positioning and allowable area of cov- 
erage for each sprinkler. 

8.5.1.3 Th e re q u i rem e i i ts of 8.5.2 th ro u gh 8.5.7 sh all app ly to 
alls p r i n kl e r ty pes ti n 1 ess m o d i 11 e d by m o re re s tri c ti ve r u 1 es i n 
See ti o n s 8 . 6 th roug h 8.12. 

8.5.2 Protection Areas per Sprinkler. 

8.5.2.1 Determination of the Protection Area of Coverage. 

8.5.2.1.1 The p r o te c ti o 1 i a re: a of c: ove rage p e r s p r i n k 1 e r ( A v ) 
shall be determined as follows: 

( 1 ) Al o n g b ra n e h 1 i n e s as fo 1 1 ows : 

( a ) Dete rm i n e d is ta n ce be twee n sp ri n kl e rs ( o r to wall or 
obstruction in the case of the end sprinkler on the 
branch line) upstream and downstream. 

( b ) C h oose th e I a rge r of e i th e r twi ce th e d i s ta nee to th e 
wal 1 or tli e d i s ta nee to th e n ext s p r i n k 1 e r. 

( c ) T h i s d i m e n s i o n w ill be d e fi n e d its S. 

(2) Between branch lines as follows: 

(a) Determine perpendicular distance to the sprinkler 
on the adjacent branch line (or to a wall or obstruc- 
t i o n i n th e c a s e o f t h e 1 as t b r a n c h 1 i n e ) o n e a c 1 1 side 
of the branch line on which the subject sprinkler is 
positioned. 



( b ) Cl i oose th c la i ge r o f e i th e i ~ twi ce th e d i stan ce to th e Ava 1 1 

or obstruction or the distance to the next sprinkler. 
(e) Tins dimension will be defined as /, 

8.5.2.1.2 The protection area of coverage of the sprinkler 
shall be established by multiplying the S dimension by the L 
d i n i e n s i on , a s f o 1 1 ows : A , ~ Sx L 

8.5.2.2 Maximum Protection Area of Coverage. 

8.5.2.2.1 The maximum all o wa b 1 e p r o te c t i o n a i e a o f c o v e i - 
age fo r a s pri n k I e r ( A J sh al 1 be i n a c c o i d a n ce w i th th e va I u e 
i n cl i ca ted i n th e s ec ti o n fo r eac h typ e or s ty I e o f sp r i n k 1 e r. 

8.5.2.2.2 The maximum area of coverage of any sprinkler 
shall not. exceed 400 ft" (36 xxr). 

8.5.3 Sprinkler Spacing. 

8.5.3.1 Maximum Distance Between Sprinklers. 

8.5.3.1.1 The maximum distance permitted between sprin- 
klers shall be based on the center! ine distance between sprin- 
k 1 e rs o n th e b i a n e h 1 i n e o r on ad j a c enthral i c h lit i e s . 

8.5.3.1.2 The maximum distance shall be measured along 
the slope of the ceiling. 

8.5.3.1.3 The maximum distance permitted between sprin- 
k 1 e rs s h al 1 co m p ly w i th the va I u e i 1 1 cl i ca ted i 1 1 1 1 i e a p pi i ca b 1 e 
section for each type or style of sprinkler. 

8.5.3.2 Maximum Distance from Walls. 

8.5.3.2.1 The d i s tan c e li 'oin sprinkl e i s to wa lis s h al 1 i i o t ex- 
ceed one-half of the allowable maximum distance between 
sprinklers. 

8.5.3.2.2 The distance from the wall to the sprinkler shall be 
measured perpendicular to the walk 

8.5.3.3 Minimum Distance from Walls. 

8.5.3.3.1 The minimum distance permitted between a sprin- 
kl e r a i i d th e wa .1 1 s h a 1 1 com p 1 y w i th th e val u e i n d i ca ted i n th e 
app 1 i ca b 1 e sec ti o n fo r e a c h type o r s ty I e o f s p r i n k 1 e r. 

8.5.3.3.2 The distance from the wall to the sprinkler shall be 
measured perpendicular to the wall. 

8.5.3.4 Minimum Distance Between Sprinklers. 

8.5.3.4.1 A minimum distance shall be maintained between 
sprinklers to prevent operating sprinklers from wetting adja- 
ce n l s p ri n kl e rs an d to p i "eve n I s k i p p i 1 1 g o f s p ri n k 1 e rs . 

8.5.3.4.2 The minimum distance permitted between sprin- 
klers shall comply with the value indicated in the applicable 
section for each type or style of sprinkler. 

8.5.4 Deflector Position. 

8.5.4. 1* Distance Below Ceilings. The distances between the 
sprinkler deflector and the ceiling above shall be selected 
based on the type of sprinkler arid the type of construction. 

8.5.4,2 Deflector Orientation. Deflectors of sprinklers shall 
b e a 1 i g n e d parallel to c e i 1 i n gs , r o o Is , or t .he i n c I i n e o f s ta its. 

8.5.5 Obstructions to Sprinkler Discharge. 

8.5.5. 1* Performance Objective. Sprinklers shall bo located so 
as to minimize obstructions to discharge as de lined in 8.5.5.2 
and 8.5.5.3, or additional sprinklers shall be provided to en- 
sure adequate coverage of the hazard. (Sec. Pigmr.A.8.5.5. 1.) 



2002 Edition 



13-44 



INSTALLATION OF SPRINKLER SYSTEMS 



8.5.5.2* Obstructions to Sprinkler Discharge Pattern Develop- 
ment. 

8.5.5.2.1 Continuous or noncontinuous obstructions less 
th a n or e q u al to 1 8 i n . (457m m ) be] o w th e sprinkler d eflec to r 
that prevent the pattern from fully developing shall comply 
with 8.5.5.2. 

8.5.5.2.2 Sprinklers shall be positioned in accordance with 
the minimum distances and special requirements of Sections 
8.6 through 8. 1 2 so that they are located sufficiently away from 
obstructions such as truss webs and chords, pipes, columns, 
and Fixtures. 

8.5.5.3* Obstructions that Prevent Sprinkler Discharge from 
Reaching the Hazard. Continuous or noncontinuous obstruc- 
tions that interrupt the water discharge in a horizontal plane 
more than 18 in. (457 mm) below the sprinkler deflector in a 
manner to limit the distribution from reaching the protected 
hazard shall comply with 8.5.5.3. 

8.5.5.3.1 Sprinklers shall be installed under fixed obstruc- 
tions over 4 it (1.2 m) wide such as ducts, decks, open grate 
flooring, cutting tables, and overhead doors. 

8.5.5.3.2 Sprinklers shall not be required under obstructions 
that are not fixed in place such as conference tables. 

8.5.5.3.3 Sprinklers installed under open gratings shall be of 
the intermediate level /rack storage type or otherwise shielded 
from th e d isc h a rge of o ve i h ead sp ri n k le rs . 

8.5.6* Clearance to Storage. 

8.5.6.1 Unless the requirements of 8.5.6.2, 8.5.6.3, 8.5.6.4, or 
8.5.6.5 are met, the clearance between the deflector and the 
top of storage shall be 18 in. (457 mm) or greater. 

8.5.6.2 Where other standards specify greater clearance to 
storage minhnums, they shall be followed. 

8.5.6.3 A minimum clearance to storage of 36 in. (0.91 m) 
shall be permitted for special sprinklers. 

8.5.6.4 A m i n i m u m c lea ra n c e to s to rage of less th a n 18 in. 
(457 mm) between the top of storage and ceiling sprinkler 
deflectors shall be permitted where proven by successful large- 
scale fire tests for the particular hazard. 

8.5.6.5 The clearance from the top of storage to sprinkler 
deflectors shall be not less than 3 ft (0.9 m) where rubber tires 
are stored. 

8.5.7 Skylights. Sprinklers shall be permitted to be omitted 
from skylights and similar ceiling pockets not exceeding 32 ft 2 
(3 irr) in area, regardless of hazard classification, that are 
separated by at least 10 ft (3 m) horizontally from any other 
s kyl i gh t o r u n pro tec ted ce i . 1 i n g poc ke t. 

8.6 Standard Pendent and Upright Spray Sprinklers. 

8.6.1 General. All requirements of Section 8.5 shall apply to 
standard pendent and upright spray sprinklers except as 
modified in Section 8.6. 

8.6.2 Protection Areas per Sprinkler (Standard Pendent and 
Upright Spray Sprinklers). 

8.6.2.1 Determination of the Protection Area of Coverage. 

8.6.2.1.1 Except as permitted by 8.6.2.1.2, the protection 
area of coverage per sprinkler (A J shall be determined in 
acco rda n c e wi th 8.5.2. 1 . 



8.6.2.1.2 The requirements of 8.6.2.1.1 shall not apply in a 
small room as defined in 3.3.20; the protection area of cover- 
age for each sprinkler in the small room shall be the area of 
the room divided by the number of sprinklers in the room. 

8.6.2.2 Maximum Protection Area of Coverage. 

8.6.2.2.1* The maximum allowable protection area of cover- 
age for a sprinkler (A s ) shall be in accordance with the value 
indicated in Table 8.6.2.2.1 (a) through Table 8.6.2.2.1 (d). 

8.6.2.2.2 In any case, the maximum area of coverage of a 
sprinkler shall not exceed 225 ft" (21 m 2 ). 

8.6.3 Sprinkler Spacing (Standard Pendent and Upright Spray 
Sprinklers) . 

8.6.3.1 Maximum Distance Between Sprinklers. The maxi- 
mum distance permitted between sprinklers shall comply with 
Table 8.6.2.2.1 (a) through Table 8.6.2.2.1(d). 

8.6.3.2 Maximum Distance from Walls. 

8.6.3.2.1 The distance from sprinklers to walls shall not ex- 
ceed one-half of the allowable distance between sprinklers as 
indicated in Table 8.6.2.2.1(a) through Table 8.6.2.2.1(d). 

8.6.3.2.2 The distance from the wall to the sprinkler shall be 
measured perpendicular to the wall. 

8.6.3.2.3* The requirements of 8.6.3.2.1 shall not apply where 
walls are angled or irregular, and the maximum horizontal 
distance between a sprinkler and any point of floor area pro- 
tected by that sprinkler shall not exceed 0.75 times the allow- 
able distance permitted between sprinklers, provided the 
maximum perpendicular distance is not exceeded. 

8.6.3.2.4* The requirements of 8.6.3.2.1 shall not apply within 
small rooms as defined in 3.3.20, sprinklers shall be permitted 
to be located not more than 9 ft (2.7 m) from any single wall, 
and sprinkler spacing limitations of 8.6.3 and area limitations 
of Table 8.6.2.2.1 (a) shall not be exceeded. 

8.6.3.2.5 Under curved surfaces, the horizontal distance shall 
be measured at the floor level from the wall, or the intersec- 
tion of the curved surface and the floor to the nearest sprin- 
kler shall not be greater than one-half the allowable distance 
between sprinklers. 

8.6.3.3 Minimum Distances from Walls. Sprinklers shall be lo- 
cated a minimum of 4 in. (102 mm) from a wall. 

8.6.3.4 Minimum Distances Between Sprinklers. 

8.6.3.4.1 Unless the requirements of 8.6.3.4.2, 8.6.3.4.3, or 
8.6.3.4.4 are met, sprinklers shall be spaced not less than 6 ft 
(1.8 m) on center. 

8.6.3.4.2 Sprinklers shall be permitted to be placed less than 6 ft 
(1.8 m) on center where the following conditions are satisfied: 

(1 ) Baffles shall be installed and located midway between sprin- 
klers and arranged to protect the actuating elements. 

(2) Baffles shall be of non combustible or limited-combustible 
material that will stay in place before and during sprinkler 
operation. 

(3) Baffles shall be not less than 8 in. (203 mm) wide and 6 in. 
(152 mm) high. 

(4) The tops of baffles shall extend between 2 in. and 3 in. 
(51 mm and 76 mm) above the deflectors of upright 
sprinklers. 

( 5 ) The bo tto ms of baff 1 es sh al 1 ex te n d downward to a 1 eve 1 at 
least even with the deflectors of pendent sprinklers. 
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Table 8.6.2.2.1 (a) Protection Areas and Maximum Spacing (Standard Spray Upright/Standard Spray Pendent) 


for Light 


Hazard 




Protection Area 


Spacing (maximum) 




Construction Type 


System Type ft 2 m 2 


ft 


m 





N o n com bu stible obs tr u c ted a n d 
unobstructed and combustible 
u nobs tructed wi th m em be rs 
S It or more on center 

Non combustible obstructed and 
u n o bs tr u c ted a n d c o m bus t i b 1 e 
unobstructed with members 
3 ft or more on center 

Combustible obstructed with 
members 3 ft or more on 
center 

Combustible obstructed or 
unobstructed with members 
less than 3 ft on center 

Unoccupied attics having 

combustible wood joist or wood 
truss construction with 
members less than 3 ft on 
center with slopes having a 
pitch of 4 in 12 or greater 



Pipe schedule 



Hydraulically 
calculated 



All 



All 



All 



200 



225 



168 



130 



120 



18.6 



20.9 



15.6 



12.1 



11.1 



15 



15 



15 



8 x 15 
(minimum 7 psi) 

10* x 12 
(minimum 20 psi) 



4.6 



4.6 



4.6 



4.6 



2.4* x 4.6 
(minimum 

0.48 bar) 

3* x 3.7 

(minimum 

1.34 bar) 



| "The smaller dimension shall be measured perpendicular to the slope. 



Table 8.6.2.2.1(b) Protection Areas and Maximum Spacing 
(Standard Spray Upright/Standard Spray Pendent) for 
Ordinary Hazard 



Table 8.6.2.2. 1 (c) Protection Areas and Maximum Spacing 
(Standard Spray Upright/ Standard Spray Pendent) for Extra 
Hazard 



Construction 
Type 


System 
Type 


Protection 
Area 


Spacing 
(maximum) 


Construction 
Type 


System 
Type 


Protection 
Area 


Spacing 
(maximum) 


ft 2 m 2 


ft m 


ft 2 m 2 


ft m 


All 


All 


130 12.1 


15 4.6 


All 


Pipe 
schedule 


90 8.4 


12 3.7 



8.6.3.4.3 In-rack sprinklers shall be permitted to be placed 
less than 6 ft (1.8 m) on center. 

8.6.3.4.4 Old-style sprinklers protecting fur storage vaults 
shall be permitted to be placed less than 6 ft (1.8 m) on center. 

8*6.4 Deflector Position (Standard Pendent and Upright 
Spray Sprinklers). 

8.6.4.1 Distance Below Ceilings. 

8.6.4.1.1 Unobstructed Construction. 

8.6.4.1.1.1 Under unobstructed construction, the distance 
between the sprinkler deflector and the ceiling shall be a mini- 
mum of 1 in. (25.4 mm) and a maximum of 12 in. (305 mm) 
throughout the area of coverage of the sprinkler. 

8.6.4.1.1.2 The requirements of 8.6.4.1.1.1 shall not apply 
where ceiling-type sprinklers (concealed, recessed, and flush 
types) have the operating element above the ceiling and the 
deflector located nearer to the ceiling where installed in ac- 
cordance with their listing. 



All 



All 



Hydraulically 100 
calculated 
with density 
>0.25 



9.3 



[In buildings with 
storage bays 25 ft 
(7.6 in) wide, 12 ft 
6 in. (3.8 m) shall 
be permitted] 

12 3.7 



[In buildings with 
storage bays 25 ft 
(7.6 m) wide, 12 ft 
6 in. (3.8 m) shall 
be permitted] 



Hydraulically 

calculated 

with density 

<0.25 



130 



15 



4.6 
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Table 8.6.2.2.1(d) Protection Areas and Maximum Spacing 
(Standard Spray Upright/ Standard Spray Pendent) for 
High-Piled Storage 



Protection 
Area 



Construction 

Type 



System Type ft 2 



Spacing 
(maximum) 

ft m 



All 



Hydraulic ally 

calculated 

with density 

>0.25 



100 



9.3 



12 3.7 

[In buildings 

with storage 

bays 25 It (7.6 

m) wide, 12 ft 

6 in. (3.8 m) 

shall be 
permitted] 



All 



I :i yd ran h tally 

calculated 

with density 

<0.25 



1 30 



12.1 



15 



4.6 



8 .6.4. 1 . 1.3 T 1 .i t: req u i re i n en ts of 8.6 . 4. 1 . 1 . 1 s h al 1 not apply for 
light a n d o rd i n a i y 1 i a za rd o cc u pa n ci es wi th ce i 1 i n gs of n on- 
combustible or limited combustible construction. Where 
tli ere i s a ve r ti c a I c h a n ge i ) i ce i 1 i n g e 1 e v a ti on wi th i n th e a rea of 
coverage of the sprinkler creating a distance of more than 
3 6 i n . be twe e 1 1 t h c 1 1 p pe r ceil i n g a n d th e s pr i n k 1 e r d e fl e c to r, a 
vertical plane extending down from the ceiling at: the change 
in elevation, shall be considered a wall for the purpose of sprin- 
kler spacing. Where the distance between the upper ceiling 
and the sprinkler deflector is less than or equal to 36 in., the 
sprinklers shall be permitted to be spaced as though the ceil- 
ing was flat provided the obstruction rules and ceiling pocket 
rules are observed. (See Figure 8.6.4.1.1.3.) 

8.6.4.1.2 Obstructed Construction. Under obstructed con- 
struction, the sprinkler deflector shall be located in accor- 
< 1 a n c e w i t h o n e o f 1 1 i e f o 1 1 o wi 1 i g a r r a n g e m e n ts : 

(1 ) Installed with the deflectors within the horizontal planes 
of 1 in. to 6 in. (25.4 mm to 152 mm) below the structural 
m e in be rs an d a m ax i m u m d is tan ce of 22 in. ( 559 mm ) 
below the ceiling/ roof deck 

( 2 ) Ins ta 1 1 e c I w i 1 1 1 1 1 1 e d e fl e c to r s a t o r a b o ve 1 1 1 e bo t: to in o f th e 
structural m ember to a maximum of 22 in. (559 mm) 
below the ceiling/ roof deck where the sprinkler is in- 
s ta 1 1 e d i i i c o n f o rrn an ce w i th 8.6.5. 1 . 2 

( 3 ) I n s la 1 1 e d in ea c h ba y of o l:>s tr u c te d co n s tr u c ti o n , wi th the 
deflectors located a minimum of 1 in. (25.4 mm) and a 
in a x i n i u in of 1 2 in. ( 3 05 mm) be 1 o w th e ceiling 

(4) Installed with the deflectors within the horizontal 
planes 1 in. to 6 in. below composite wood joists to a 
maximum distance of 22 in. below the ceiling/roof 
deck only where joist channels are fire -stopped to the 
In 1 1 d e p tli o f tli e j o i s ts wi th ma te rial e qu i val e n t to th e 
web construction so that individual channel areas do 
not exceed 300 fr (27.9 nr) 

( 5 ) * 1 1 1 s ta ! 1 ed w i tli d e tl e c to rs of sp ri n kl e rs u n d e r co n c re te tee 

construction with stems spaced less than IVi ft (2.3 in) but 
more than 3 ft (0.9 m) on centers, regardless of the depth 
of the tee, located at or above a horizontal plane 1 in. 
(25.4 mm) below the bottom of the stems of the tees and 
s hall coin p 1 y w i t h Ta b I e 8 . 6 .5.1.2 




x<36in. (0.91 m) 
s= Maximum allowable distance 
between sprinklers 




- Vertical plane treated as wall 
for sprinkler spacing 



x> 36 in. (0.91 m) 
s = Maximum allowable distance 
between sprinklers 

FIGURE 8.6.4.1.1.3 Vertical Changes in Ceiling Elevations. 



8.6.4.1.3 Peaked Roofs and Ceilings. 

8.6.4.1.3.1 Unless the requirements of 8.6.4.1.3.2 or 
8.6.4.1.3.3 are met, sprinklers under or near the peak of a 
roof or c e i 1 i n g s h a 1 1 h a ve d e fl e c to r s 1 o c a te d n o t m o re than 
3 ft (0.9 m) vertically down from the peak as indicated in 
Figure 8.6.4.1.3.1(a) and Figure 8.6.4.1.3.1(b). 

8.6.4.1.3.2* Under saw- toothed roofs, sprinklers at the highest 
elevation shall not exceed a distance of 3 ft (0.9 m) measured 
down the slope from the peak. 

8.6.4.1.3.3 Under a steeply pitched surface, the distance 
from the peak to the deflectors shall be permitted to be in- 
creased to maintain a horizontal clearance of not less than 2 ft 
(0.6 m) from other structural members as indicated in Figure 

8.6.4.1.3.3. 

8.6.4.1.4 Sprinklers Under a Roof or Ceiling in Combustible 
Concealed Spaces of Wood Joist or Wood Truss Construction 
with Members 3 ft or Less on Center and a Slope Having a 
Pitch of Four in 12 or Greater. (See Figure 8.6.4. 1.4.) 

8.6.4.1.4.1 S prin kle rs u n d e r a ro of or ce i 1 i n g i n co m bus tible 
co n cea led spac es of wo od j o i s t o r wood tr u ss co n s tr u c tio n wi th 
members 3 ft or less on center and a slope having a pitch of 
f o u r i n 1 2 o r g re ate i s h al 1 b e q u i c k res p o n s e . 
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FIGURE 8.6.4.1.3.1(a) Sprinklers Under Pitched Roofs with 
Sprinkler Direcdy Under Peak; Branch Lines Run Up the 
Slope. 
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FIGURE 8.6.4. 1.3. 1 (b) Sprinklers at Pitched Roofs; Branch 
Lines Run Up the Slope. 



8.6.4.1.4.2 Sprinklers under a roof or ceiling in combustible 
concealed spaces of wood joist or wood truss construction with 
members 3 ft or less on center and a slope having a pitch of 
four in 12 or greater shall be installed so that a row of sprin- 
klers is installed within 12 in. horizontally of the peak. 

8.6.4.1.4.3 Sprinklers under a roof or ceiling in combustible 
concealed spaces of wood joist or wood truss construction with 




FIGURE 8.6.4.1.3.3 Horizontal Clearance for Sprinklers at 
Peak of Pitched Roof. 



members 3 ft or less on center and a slope having a pitch of 
four in 12 or greater shall be installed so that the sprinklers 
installed along the eave are located not less than 6 ft from the 
outer line of the concealed space. 

8.6.4.1.4.4 Nominal K-4.2 orifice sprinklers shall be permit- 
ted for use at. the 20 psi minimum pressure option for wet pipe 
systems and dry pipe systems where piping is corrosion resis- 
tant or internally galvanized. 

8.6.4.1.5 Double Joist Obstructions. 

8.6.4.1.5.1 Unless the requirements of 8.6.4.1.5.2 are met, 
where there are two sets of joists under a roof or ceiling, and 
there is no flooring over the lower set, sprinklers shall be installed 
above and below the lower set of joists where there is a clearance 
of 6 in. (152 mm) or more between the top of the lower joist and 
the bottom of the upper joist as indicated in Figure 8.6.4.1.5.1. 

8.6.4.1.5.2 Sprinklers shall be permitted to be omitted from 
below the lower set of joists where at least 18 in. (0.46 m) is main- 
tained between the sprinkler deflector and the top of the lower 

joist. 

8.6.4.2* Deflector Orientation. 

8.6.4.2.1 Unless the requirements of 8.6.4.2.2, 8.6.4.2.3, or 
8.6.4.2.4 are met, deflectors of sprinklers shall be aligned par- 
allel to ceilings, roofs, or the incline of stairs. 

8.6.4.2.2 Where sprinklers are installed in the peak below a 
sloped ceiling or roof surface, the sprinkler shall be installed 
wi th the defl e c to r h o ri zo n tal . 

8.6.4.2.3 Pitched roofs having slopes less than 2 in. per foot 
(16.7 percent) are considered level in the application of 
8.6.4.2, and sprinklers shall be permitted to be installed with 
d eflec to rs h o ri zo n tal . 

8.6.4.2.4 Pitched roofs having slopes not exceeding a pitch of 
one in six (a rise of two units in a run of 12 units, a roof slope 
of 16.7 percent) are considered level in the application of this 
rule, and sprinklers shall be permitted to be installed with 
deflectors horizontal. 

8.6.5 Obstructions to Sprinkler Discharge (Standard Pendent 
and Upright Spray Sprinklers) . 

8.6.5.1 Performance Objective. 

8.6.5.1.1 Sprinklers shall be located so as to minimize ob- 
structions to discharge as defined in 8.6.5.2 and 8.6.5.3, or 
additional sprinklers shall be provided to ensure adequate 
coverage of the hazard. 
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Additional sprinklers spaced 
along slope as required 



1 in. to 12 in. 

L 




Subsection 8.6.4.1.4.3 
6 ft minimum 



Row of sprinklers required 
within this area (8.6.4.1 .4.2) 

Additional sprinklers spaced 
along slope as needed 



Subsection 
8.6.4.1.4.3 
6 ft minimum 



Roof or ceiling 
combustible 
concealed space 



Ceiling to space below 



FIGURE 8.6.4.1.4 Sprinklers Under a Roof or Ceiling in Combustible Concealed Spaces of 
Wood Joist or Wood Truss Construction with Members 3 ft or Less on Center and a Slope Having 
a Pitch of Four in 12 or Greater. 



6 in. (152 mm) - 



Open joists 



-KM- 



n n n n jn nf n n n n [rfn 

r^ 



■t 



_5_ 



Less than 6 in. 
~ (152 mm) 
below only 



No ceiling 
or flooring 



FIGURE 8.6.4.1.5.1 Arrangement of Sprinklers Under Two 
Sets of Open Joists — No Sheathing on Lower Joists. 



8.6.5.1.2 Sprinklers shall be arranged to comply with one of 
the f o 1 1 o w i n g a r r a n ge m e n ts : 



%S: 



.2, Table 8.6,5,1.2, and Figure 



(1) Subsection 
8.6.5.1.2(a). 

(2) Sprinklers shall be permitted to be spaced on opposite 
sides of obstructions not exceeding 4 ft (1.2 m) in width 
provided the distance from the centerline of the obstruc- 
tion to the sprinklers does not exceed one-half the allow- 
able distance permitted between sprinklers. 
Obstructions located against the wall and that are not 
over 30 in. (762 mm) in width shall be permitted to be 
p ro tected i n accord an ce wi th Figu re 8.6.5.1.2(b). 



(3) 



8.6.5.2 Obstructions to Sprinkler Discharge Pattern Develop- 
ment. 

8.6.5.2.1 General. 

8.6.5.2.1.1 Continuous or noncontinuous obstructions less 
than or equal to 18 in. (457 mm.) below the sprinkler deflector 
that prevent the pattern from fully developing shall comply 
with 8.6.5.2. 



Table 8.6.5.1.2 Positioning of Sprinklers to Avoid 
Obstructions to Discharge (SSU/SSP) 





Maximum Allowable 




Distance of 




Deflector above 


Distance from Sprinklers to 


Bottom of 


Side of Obstruction (A) 


Obstruction (in.) (B) 


Less than 1 ft 





1 ft: to less than 1 ft 6 in. 


2'/L> 


1 ft 6 in. to less than 2 ft 


VA 


2 ft to less than 2 ft 6 in. 


b ] A 


2 ft 6 in. to less than 3ft 


TA 


3 ft to less than 3 ft 6 in. 


9'/2 


3 ft 6 in. to less than 4 ft 


12 


4 ft to less than 4 ft 6 in. 


14 


4 ft 6 in. to less than 5 ft 


16'/£ 


5 ft and greater 


18 



For SI units, 1 in. = 25.4 mm; .1 ft; - 0.3048 m. 
Note: For (A) and (B), refer to Figure 8.6.5. 1.2(a) 



8.6.5.2.1.2 Regardless of the rules of 8.6.5.2, solid continuous 
obstructions shall meet the applicable requirements of 

8.6.5.1.2. 

8.6.5.2.1.3* Unless the requirements of 8.6.5.2.1.4 through 
8.6.5.2.1.10 are met, sprinklers shall be positioned away from 
obstructions a minimum distance of three times the maxi- 
mum dimension of the obstruction (e.g., structural members, 
pipe, columns, and fixtures). The maximum clear distance 
required shall be 24 in. (609 mm) in accordance with Figure 
8.6.5.2.1.3. 

8.6.5.2.1.4* For light and ordinary hazard occupancies, struc- 
tural members only shall be considered when applying the 
requi rements of 8. 6 . 5 . 2 . 1 . 3 . 
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Ceiling 




Elevation View 

FIGURE 8.6.5.1.2(a) Positioning of Sprinklers to Avoid Ob- 
structions to Discharge (SSU/SSP). 
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\ / Ceiling 
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< 




i 


Obstruction 
D 
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Wall £ 


><D~8in.) 
< 30 in. (0.8 

Eiev 


+ B[A>(D- 
m) 

ation View 


-0.2 m) + 6] 



FIGURE 8.6.5.1.2(b) Obstructions Against Walls (SSU/SSP). 



8.6.5.2.1.5 Sprinklers shall be permitted to be spaced on op- 
posite sides of the obstruction where the distance from the 
centerline of the obstruction to the sprinklers does not exceed 
one-half the allowable distance between sprinklers. 

8.6.5.2.1.6 Sprinklers shall be permitted to be located one- 
half the distance between the obstructions where the obstruc- 
tion consists of open trusses 20 in. (0.51 m) or greater apart 
[24 in. (0.61 m) on center], provided that all truss members 
are not greater than 4 in. (102 mm) (nominal) in width. 

8.6.5.2.1.7 Sprinklers shall be permitted to be installed on 
the centerline of a truss or bar joist or directly above a beam 
provided that the truss chord or beam dimension is not more 
than 8 in. (203 mm) and the sprinkler deflector is located at 
least 6 in, (152 mm) above the structural member and where 
the sprinkler is positioned at a distance three times greater 



than the maximum dimension of the web members away from 
the web members. 

8.6.5.2.1.8 The requirements of 8.6.5.2.1.3 shall not apply to 
the piping to which an upright sprinkler is directly attached 
less than 3 in. (76 mm) in diameter. 

8.6.5.2.1.9 The requirements of 8.6.5.2. 1.3 shall not apply to 
the piping to which pendent sprinklers are directly attached. 

8.6.5.2.1.10 The requirements of 8.6.5.2.1.3 shall not apply 
to sprinklers positioned with respect to obstructions in accor- 
dance with 8.6.5.1.2. 

8.6.5.2.2* Suspended or Floor-Mounted Vertical Obstruc- 
tions. The distance from sprinklers to privacy curtains, free 
standing partitions, room dividers, and similar obstructions in 
light hazard occupancies shall be in accordance with Table 
8^6.5.2.2 and Figure 8.6.5.2.2. 

8.6.5.3* Obstructions that Prevent Sprinkler Discharge from 
Reaching the Hazard. 

8.6.5.3.1 Continuous or noncontinuous obstructions that in- 
terrupt the water discharge in a horizontal plane more than 
18 in. (457 mm) below the sprinkler deflector in a manner to 
limit the distribution from reaching the protected hazard 
shall comply with 8.6.5.3. 

8.6.5.3.2 The requirements of 8.6.5.3 shall also apply to ob- 
structions 18 in. or less below the sprinkler for light and ordi- 
nary hazard occupancies. 

8.6.5.3.3 Sprinklers shall be installed under fixed obstruc- 
tions over 4 ft (1.2 m) wide such as ducts, decks, open grate 
flooring, cutting tables, and overhead doors. 

8.6.5.3.4 Sprinklers shall not be required below obstructions 
that are not fixed in place, such as conference tables. 

8.6.5.3.5 Sprinklers installed under open gratings shall be of 
the intermediate level /rack storage type or otherwise shielded 
from the discharge of overhead sprinklers. 

8.6.6* Clearance to Storage (Standard Pendent and Upright 
Spray Sprinklers). 

8.6.6.1 The clearance between the dell ec tor and the top of 
storage shall be 18 in. (457 mm) or greater. 

8.6.6.2 Where other standards specify greater clearance to 
storage minimums, they shall be followed. 

8.6.7 Ceiling Pockets. 

8.6.7.1 Sprinklers shall be required in all ceiling pockets. 

8.6.7.2 The requ i re m e n ts of 8 . 6 . 7 . 1 s h al 1 no t ap ply wh e re al 1 
of the following are met: 

(1) The total volume of the unprotected ceiling pocket does 
not exceed 1000 ft\ 

(2) The depth of the unprotected pocket does not exceed 36 in. 

(3) The entire floor under the unprotected ceiling pocket is 
protected by the sprinklers at the lower ceiling elevation. 

(4) Each unprotected ceiling pocket is separated from any 
adjacent unprotected ceiling pocket by a minimum 10 ft 
horizontal distance. 

(5) The unprotected ceiling pocket is constructed of non- 
combustible or limited combustible construction. 

(6) Skylights not exceeding 32 ft 2 shall be permitted to have a 
plastic cover. 

(7) Quick response sprinklers are utilized throughout the 
compartment. 
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Obstruction 



Sprinkler 



Plan View of Column 



v 






Ceiling 



Open web steel 
or wood truss 



Elevation View of Truss 



A>3Cor3D 

A< 24 in. (0.61 m) 

(Use dimension Cor D, whichever is greater) 

FIGURE 8.6.5.2.1.3 Minimum Distance from Obstruction (SSU/SSP). 



Table 8.6.5.2.2 Suspended or Floor-Mounted Obstructions 
in Light Hazard Occupancies Only (SSU/SSP) 



Horizontal Distance (A) 



6 in. or less 

More than 6 in. to 9 in. 
More than 9 in. to 12 in. 
More than 12 in. to 15 in. 
More tli an 15 in. to 18 in. 
More than 18 in to 24 in. 
More than 24 in. to 30 in. 
More than 30 in. 



Minimum Vertical 

Distance below 
Deflector (in.) (B) 



3 
4 
6 

8 

9 1 /- 

IVA 

18 



For SI units, 1 in. ■= 25.4 mm. 

Note: For (71; and (8), refer to Figure 8.6.5.2.2. 



V 



Ceiling or roof 



Floor 



FIGURE 8.6.5.2.2 Suspended or Floor-Mounted Obstruc- 
tions in Light Hazard Occupancies Only (SSU/SSP). 



8.7 Sidewall Standard Spray Sprinklers. 

8.7.1 General . All r eq 1 1 i re m e n ts of Sec ti on 8 . 5 s h all apply to 
sidewall standard spray sprinklers except as modi lied in Sec- 
tion 8.7. 

8.7.2 Protection Areas per Sprinkler (Standard Sidewall Spray 
Sprinklers) . 

8.7.2.1 Determination of the Protection Area of Coverage. 

8.7.2.1.1 The protection area of coverage per sprinkler (A v ) 
shall be determined as follows: 

(I ) Along the wall as follows: 

( a ) D e te r n i i n e th e d i s ta n ce be twe e n s p i i n klers alo ng the 
wall (or to the end wall or obstruction in the case of 
the en d s p i " i n k I e i ' o n t h e bran c h 1 i n e ) u p s tie a m a n d 
downstream. 

(b) Choose the larger of either twice the distance to the 
end wall or the distance to the next sprinkler. 

(c) This dimension will be defined as S. 



(2) Across the room as follows: 

( a ) D e te r m i ne the d is tan ce fro m ti i e s p ri n k 1 e r to th e wal 1 
opposite the sprinklers or to the midpoint of the 
room where sprinklers are installed on two opposite 
walls (see 8. 7.3.1.5 and 8. 7.3.1.6). 

( b ) T h i s dim e n s i o n wi 1 1 b e d efi ne d as L 

8.7.2.1.2 The protection area of the sprinkler shall be estab- 
lished by multiplying the S dimension by the /.dimension, as 
follows: A s - S x L 

8.7.2.2 Maximum Protection Area of Coverage. 

8.7.2.2.1 The maximum allowable protection area of cover- 
age for a sprinkler (A J shall be in accordance with the value 
indicated in Table 8.7.2.2.1. 

8.7.2.2.2 In any case, the maximum area of coverage of a 
sprinkler shall not exceed 196 fr (.1.8.2 nr). 
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Table 8.7.2.2.1 Protection Areas and Maximum Spacing (Standard Sidewall Spray Sprinkler) 





Light 


Hazard 


Ordinar)' Hazard 






Noncombustible 




Noncombustible 






or 




or 






Limited- 




Limited- 




Combustible 


Combustible 


Combustible 


Combustible 




Finish 


Finish 


Finish 


Finish 


Maxi m n n 1 d i s ta n ce 


14 ft 


1 4 ft 


10 ft 


10 ft 


along the wall (S) 










M ax i m u r n r o o n i w i d t; h 


1 2 ft. 


14 ft 


10 ft 


10 ft 


(L) 










M ax i n i u m p r o te c t i o n 


120 ft 2 


196 ft 2 


80 ft 2 


100 ft- 


area 










For SI units, 1 ft -0.3048 


m: 1 fr -0.0929 m 









8.7.3 Sprinkler Spacing (Standard Sidewall Spray Sprinklers). 

8.7.3.1 Maximum Distance Between Sprinklers. 

8.7.3.1.1 The m ax i in u m d i s ta rice pe r m i tte d be twe e n s i d e wal 1 
spray sprinklers shall be based on the center line distance be- 
tween sprinklers on the branch line. 

8.7.3.1.2 Tli e m ax i m ti m d is tan ce be twee n sid ewall sp ray sp ri n- 
klers or to a wall shall be measured along the slope of the ceiling. 

8.7.3.1.3 W 1 i e re s i d e wa 1 1 s p ray sjdii n k 1 e rs a re i i is t al 1 e d a 1 o n g 
the length of a single wall of rooms or bays, they shall be 
s p ac e d i n ace o r d a n c e w i th th e m ax i i n u m s p a c i n g p r o v i s i o n s of 
Table 8.7.2.2.1. 

8.7.3.1.4 Si dew; i lisp ray s p ri n kl ers shall n ot be i n stalled back- to- 
back without being separated by a continuous lintel or soffit. 

8.7.3.1.5 W h e re s i d e wa 1 1 s p ray sprinkle rs arc; i n s ta lied o n two 
opposite walls or sides of bays, the maximum width of the 
room or bay shall be permitted to be up to 24 ft (7.32 in) for 
light hazard occupancy or 20 ft (6.1 m) for ordinary hazard 
o cc u pa n cy, w i th s pac i n g as re q u i red by Ta b 1 e 8.7.2.2.1. 

8.7.3.1.6 Sidewall spray sprinklers shall be permitted to be 
i n sta lied o n o p posi n g o r ad j ace: n t wa 1 1 s provi d ed n o s p r i n kl e r 
is located within the maximum protection area of another 
sprinkler. 

8.7.3.2 Maximum Distance from Walls. The distance from 
sprinklers to the end walls shall not exceed one-half of the 
allowable distance permitted between sprinklers as indicated 
in Table 8.7.2.2. 1. 

8.7.3.3 Minimum Distance from Walls. 

8.7.3.3.1 Sprinklers shall be located a minimum of 4 in. 
(102 mm) from an end wall. 

8.7.3.3.2 Th e d i s ta n ce fro m th e wal 1 to th e sp ri n kl e r s h a 1 1 be 
m easu red pe rpe n d i eu lar to th e wal I. 

8.7.3.4 Minimum Distance Between Sprinklers. Sprinklers 
shall be spaced not less than 6 ft (1.8 m) on center. 

8.7.4 Deflector Position from Ceilings and Walls (Standard 
Sidewall Spray Sprinklers) . 

8.7.4.1 Distance Below Ceilings and from Walls. 

8.7.4.1.1 Ceilings. 

8.7.4.1.1.1 Unless the requirements of 8.7.4.1 . 1 .2 are met, 
sidewall sprinkler deflectors shall be located not more than 
6 in. (152 mm) or less than 4 in. (102 mm) from ceilings. 



8.7.4.1.1.2 Horizontal sidewall sprinklers shall be permitted 
to be located in a zone 6 in. to 12 in. (152 mm to 305 mm) or 
12 in. to 18 in. (305 m n i to 4 5 7 mm) b e 1 o w 1 1 o 1 1 c o n i b u s t i b 1 e 
an d 1 i m i te d-c o m b u s t i b 1 e c e i 1 i n gs w 1 1 e re lis te d 1 b r s 1 1 c h use. 

8.7.4.1.2 Walls. 

8.7.4.1.2.1 Vertical sidewall sprinkler deflectors shall be lo- 
cated not more than 6 in. (152 mm) or less than 4 in. 
( 1 02 m m ) fro m the wa 11 th ey a re p vo j e t: tin g (i o m . 

8.7.4.1.2.2 Horizontal sidewall sprinkler deflectors shall be 
located no more than 6 in. (152 mm) and are permitted to be 
1 o ca te d wi th th e i r de 11 e c to rs 1 ess th a n 4 in. (1 2 m m ) fro m tl i e 
wall on which they are mounted. 

8.7.4.1.3 Lintels and Soffits. 

8.7.4.1.3.1 Sidewall sprinklers shall only be installed along 
walls, lintels, or soffits where the distance from the ceiling to 
the bottom of the lintel or soffit is at least 2 in. (51 mm) 
greater than the distances from the ceiling to sidewall sprin- 
kler deflectors. 

8.7.4.1.3.2 Where soffits used lor the installation of sidewall 
s p ri n kl e rs exceed 8 in. ( 203 m in ) in wi d th o r p rqj ec ti o 1 1 fro m th e 
wall, additional sprinklers shall be installed below the soffit. 

8.7.4.2 Deflector Orientation. 

8.7.4.2.1 Dell ectors of sp r i n kl e rs si i all be a 1 i gn eel para 1 1 el to 
ceilings or roofs. 

8.7.4.2.2 Side wal 1 sp r i n k 1 e rs , wh e re i ns ta 1 1 ed u n d e i ■ a s I o pe d 
c e i 1 i n g w i th a si o pe e xc eed i n g 2 in 12, s 1 i a 1 1 be 1 oca ted a t tl i e 
high point of the slope and positioned to discharge downward 
along the slope. 

8.7.5 Obstructions to Sprinkler Discharge (Standard Sidewall 
Spray Sprinklers). 

8.7.5.1 Performance Objective. 

8.7.5.1.1 Sprinklers shall be located so as to minimize ob- 
structions to discharge as defined in 8.5,5.2 and 8.5.5.3, or 
additional sprinklers shall be provided to ensure adequate 
coverage of the hazard. 

8.7.5.1.2 Sidewall sprinklers shall be installed no closer than 
4 ft (1.2 m) from light fixtures or similar obstructions. 

8.7.5.1.3 Th e d i sta n ce be twee n 1 i gl 1 1 1 i x tu res o r si m i 1 ar obs trac- 
tions located more than 4ft ( 1.2 m) from the sprinkler shall be in 
conformity with Table 8.7.5.1 .3 and Figure 8.7.5.1.3. 
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Table 8.7.5.1.3 Positioning of Sprinklers to Avoid 
Obstructions (Standard Sidewall Spray Sprinklers) 



Distance from Sidewall Sprinkler 
to Side of Obstruction (A) 



Maximum Allowable 
Distance of Deflector 

above Bottom of 
Obstruction (in.) (B) 



Less Chan 4 ft 

4 ft to less than 5 ft 

5 ft to less than 5 ft 6 in. 

5 ft 6 in. to less than 6 ft 

6 ft to less tli an 6 ft 6 in. 

6 ft 6 in. to less than 7 ft 

7 ft to less than 7 ft 6 in. 

7 ft 6 in. to less than 8 ft 

8 ft to less than 8 .ft 6 in. 
8 ft 6 in. or greater 



Not allowed 

1 

2 

3 

4 

6 

7 

9 
11 
14 



For SI units, 1 in. - 25.4 mm; I. ft - 0.3048 m. 
Note: For (A) and (B), refer to Figure 8.7.5.1.3. 



Ceiling or roof 




Wall 



Obstruction 



Table 8.7.5.1.4 Positioning of Sprinklers to Avoid 
Obstructions Along the Wall (Standard Sidewall Spray 

Sprinklers) 



Distance from Sidewall Sprinkler 
to Side of Obstruction (A) 



Maximum Allowable 
Distance of Deflector 

above Bottom of 
Obstruction (in.) (B) 



Less than 6 in. 

6 in. to less than 1 ft 

1 ft to less than 1 ft 6 in. 

1 ft 6 in. to less than 2 ft 

2 ft to less than 2 ft 6 in. 

2 ft 6 in. to less than 3 ft 

3 ft to less than 3 ft 6 in. 

3 ft 6 in. to less than 4 ft 

4 ft to less than 4 ft 6 in. 

4 ft 6 in, to less than 5 ft 

5 ft to less than 5 ft 6 in. 

5 ft 6 in. to less than 6 ft 

6 ft to less than 6 ft 6 in. 

6 ft 6 in. to less than 7 ft 

7 ft to less than 7 ft 6 in. 




Obstruction 



1 

2 
3 

4 l A 

5% 

7 
8 

9'/4 

10 

\VA 

12% 

14 

15 

16'/4 

!7'/2 



For SI units, 1 in. = 25.4 mm; 1 ft - 0.3048 m. 
Note: For (A) and (B), refer to Figure 8.7.5. 1.4. 



Sidewall 
sprinkler 
on wall 



Elevation View 



Elevation View 



FIGURE 8.7.5.1.3 Positioning of Sprinklers to Avoid Ob- 
structions (Standard Sidewall Spray Sprinklers). 



FIGURE 8.7.5.1.4 Positioning of Sprinklers to Avoid Ob- 
structions Along the Wall (Standard Sidewall Spray Sprinklers) . 



8.7.5.1.4 Obstructions projecting from the same wall as the 
one on which the sidewall sprinkler is mounted shall be in 
acco rdan c e wi th Tab 1 e 8 . 7 . 5 . 1 . 4 an d Figu re 8 . 7 . 5 . 1 . 4 . 

8.7.5.2 Obstructions to Sprinkler Discharge Pattern Develop- 
ment. 

8.7.5.2.1 General. 

8.7.5.2.1.1 Continuous or n on continuous obstructions less 
than or equal to 18 in. (457 mm) below the sprinkler deflector 
that prevent the pattern from fully developing shall comply 
with this section. 

8.7.5.2.1.2 Regardless of the rules of this section, solid con- 
tinuous obstructions shall meet the requirements of 8.7.5.1.2 
and 8.7.5.1.3. 

8.7.5.2.1.3* Unless the requirements of 8.7.5.2.1.4 or 8.7.5.2.1.5 
are met, sprinklers shall be positioned away from obstructions a 



minimum distance of three times the maximum dimension of 
the obstruction (e.g., truss webs and chords, pipe, columns, and 
fixtures). The maximum clear distance required shall be 24 in. 
(609 mm) and shall be positioned in accordance with Figure 

8.7.5.2. 1.3 where obstructions are present 

8.7.5.2.1.4 The requirements of 8.7.5.2.1 .3 shall not apply to 
the piping to which sidewall sprinklers are directly attached. 

8.7.5.2.1.5 The requirements of 8.7.5.2.1.3 shall not apply 
where sprinklers are positioned with respect to obstructions in 
accordance with 8.7.5.1.2, 8.7.5.1.3, and 8.7.5.1.4. 

8.7.5.2.2 Suspended or Floor-Mounted Vertical Obstructions. 

The distance from sprinklers to privacy curtains, free-standing 
partitions, room dividers, and similar obstructions in light haz- 
ard occupancies shall be in accordance with Table 8.7.5.2.2 
and Figure 8.7.5.2.2. 
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Sprinkler 



>l 



Wall 






Plan View of Column 



Ceiling 
Obstruction 


A / 




/oooa 

D 


Wail 







Elevation View of Pipe Conduit or Light Fixture 



I 









I 



A>3Cor3D 
A< 24 in. (0.61 m) 
(Use dimension C or D, whichever is greater) 

FIGURE 8.7.5.2.1.3 Minimum Distance from Obstruction (Standard Sidewall Spray Sprinkler) 



Table 8.7.5.2.2 Suspended or Floor-Mounted Obstructions 
(Standard Sidewall Spray Sprinklers) 



Horizontal Distance (A) 



Minimum Vertical 

Distance below 
Deflector (in.) (B) 



6 in. or less 

More than 6 in. to 9 in. 
More than 9 in. to 12 in. 
More than 12 in. to 15 in. 
More than 15 in. to 18 in. 
More than 18 in. to 24 in. 
More than 24 in. to 30 in. 
More than SO in. 



3 

4 

6 

8 

9¥z 

15V2 
18 



For SI units, 1 in. = 25.4 mm. 

Note: For (A) 'And (.8), refer to Figure 8.7.5.2.2. 



8.7.5.3* Obstructions that Prevent Sprinkler Discharge from 
Reaching the Hazard. 

8.7.5.3.1 Continuous or noncontinuous obstructions that in- 
terrupt the water discharge in a horizontal plane more than 
18 in. (457 mm) below the sprinkler dell ec tor in a manner to 
limit the distribution from reaching the protected hazard 
shall comply with this section. 

8.7.5.3.2 Sprinklers shall be installed under fixed obstruc- 
tions over 4 ft (1.2 m) wide such as ducts, decks, open grate 
flooring, cutting tables, and overhead doors. 

8.7.5.3.3 Sprinklers shall not be required under obstructions 
that are not fixed in place such as conference tables. 

8.7.6 Clearance to Storage (Standard Sidewall Spray Sprin- 
klers). The clearance between the deflector and the top of 
storage shall be 18 in. (457 mm) or greater. 






i< 



i 



1 



1 



Ceiling 



Obstruction 



Wall 



Floor 



% 



Elevation View 



FIGURE 8.7.5.2.2 Suspended or Floor-Mounted Obstruc- 
tions (Standard Sidewall Spray Sprinklers). 



8.8 Extended Coverage Upright and Pendent Spray Sprinklers. 

8.8.1 General. All requirements of Section 8.5 shall apply to 
extended coverage upright and pendent sprinklers except as 
modified in Section 8.8. 

8.8.2 Protection Areas per Sprinkler (Extended Coverage Up- 
right and Pendent Spray Sprinklers) . 

8.8.2.1* Determination of the Protection Area of Coverage. 

8.8.2.1.1 The protection area of coverage (/\ v ) for extended 
coverage sprinklers shall be not less than that prescribed by 
the listing. 
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8.8.2.1.2 Listing dimensions shall be even-numbered square 
p ro te c t i o n areas a s s h o w n in Ta b le 8.8.2.1.2. 

8.8.2.1.3 D e te r m i n a ti o n of the p ro te c tio n are a of cove rage 
and sprinkler spacing for sprinklers listed for extended cover- 
age extra hazard or high-piled storage shall be permitted to be 
spaced in accordance with the requirements of 8.5.2 and 8.5.3 
and shall not exceed 14 it (4.3 m) maximum spacing and 
1 9 6 ft" ( 1 8 . 2 m " ) in a x i m u m are a pe r s p ri n kl e r. 

8.8.2.2 Maximum Protection Area of Coverage. 

8.8.2.2.1 The maximum allowable area of coverage for a 
spri n kl e r ( A ,) s h a 1 1 be i n accorda nee wi th th e val u e i n d i ca ted 
in Table 8.8.2.1.2. 

8.8.2.2.2 In any case, the maximum area of coverage of a 
sprinkle r s 1 i a 1 1 n o t ex ce e cl 400 i'r (37. 1 m " ) . 

8.8.3 Sprinkler Spacing (Extended Coverage Upright and 
Pendent Spray Sprinklers) . 

8.8.3.1 Maximum Distance Between Sprinklers. 

8.8.3.1.1 The maximum distance permitted between sprin- 
klers shall be based on the center! ine distance between sprin- 
klers on the branch line or on adjacent branch lines. 

8.8.3.1.2 The maximum distance shall be measured along 
the slope of the ceiling. 

8.8.3.1.3 The maximum distance permitted between sprin- 
klers shall comply with Table 8.8.2.1.2. 

8.8.3.2 Maximum Distance from Walls. 

8.8.3.2.1 The distance from sprinklers to walls shall not ex- 
ceed one-half of the allowable distance permitted between 
sprinklers as indicated in Table 8.8.2.3 .2. 

8.8.3.2.2 The distance from the wall to the sprinkler shall be 
measured perpendicular to the wall. 

8.8.3.2.3 Where walls are angled or irregular, the maximum 
horizontal distance between a sprinkler and any point of floor 
area protected by that sprinkler shall not exceed 0.75 times 
the allowable distance permitted between sprinklers. 



8.8.3.3 Minimum Distance from Walls. Sprinklers shall be lo- 
cated a minimum of 4 in. (102 mm) from a wall unless listed 
for distances less than 4 in. (102 mm). 

8.8.3.4 Minimum Distance Between Sprinklers. 

8.8.3.4.1 Unless the requirements of 8.8.3.4.2 are met, sprin- 
klers shall be spaced not less than 8 ft (2.4 m) on center. 

8.8.3.4.2 Sprinklers shall be permitted to be placed less 
than 8 ft (2.4 m) on center where the following conditions 
are satisfied: 

(1) Baffles shall be installed and located midway between 
sprinklers and arranged to protect the actuating ele- 
ments. 

( 2 ) Baffles shal 1 be of none om bu s ti bl e o r 1 im i te d-combu s ti ble 
material that will stay in place before and during sprinkler 
operation. 

(3) Baffles shall be not less than 8 in. (203 mm) wide and 6 in. 
(152 mm) high. 

(4) The tops of baffles shall extend between 2 in. and 3 in. 
(51 mm and 76 mm) above the deflectors of upright 
sprinklers. 

( 5 ) The bo tto m s of half 1 es sh all ex ten d d own ward to a 1 eve 1 at 
least even with the deflectors of pendent sprinklers. 

8.8.4 Deflector Position (Extended Coverage Upright and 
Pendent Spray Sprinklers). 

8.8.4.1 Distance Below Ceilings. 

8.8.4.1.1 Unobstructed Construction. 

8.8.4.1.1.1 Under unobstructed construction, the distance 
between the sprinkler deflector and the ceiling shall be a m mi- 
ni um of 1 in. (25.4m m ) an d a m ax i m u m of 12 in. ( 30 5 m m ) 
throughout the area of coverage of the sprinkler. 

8.8.4.1.1.2 The requirements of 8.8.4.1.1.1 shall not apply 
where ceiling- type sprinklers (concealed, recessed, and flush 
types) have the operating element above the ceiling and the 
deflector located nearer to the ceiling where installed in ac- 
cordance with their listing. 



Table 8.8.2.1.2 Protection Areas and Maximum Spacing (Extended Coverage Upright and Pendent Spray Sprinklers) 





Light Hazard 


Ordinary 
Protection 


Hazard 


Extra Hazard 


High-Piled 
Protection 


Storage 




Protection 




Protection 






Area 


Spacing 


Area 


Spacing 


Area 


Spacing 


Area 


Spacing 


Construction Type 


(ft 2 ) 


(ft) 


(ft 2 ) 


(ft) 


(ft 2 ) 


(ft) 


(ft 2 ) 


(ft) 


Unobstructed 


400 


20 


400 


20 
















324 


18 


324 


18 


— 


— 


— 


— 




256 


16 


256 


16 


— 


— 


— 


. — 




— 


— 


196 


14 


196 


14 


196 


14 




— 


— 


144 


12 


144 


12 


144 


12 


Obstructed 


400 


20 


400 


20 














n oncom busti ble ( wh en 


324 


18 


324 


18 


— 


— 


— 


— 


specifically listed for 


256 


16 


256 


16 


— 


— 


— 


— 


such use) 


— 


— 


196 


14 


196 


14 


196 


14 




— 


— 


144 


12 


144 


12 


144 


12 


Obstructed combustible 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 
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8.8.4.1.1.3 The requirements of 8.8.4.1.1.1 shall not apply 
where sprinklers are listed for use under other ceiling con- 
struction features or for different distances where they shall be 
permitted to be installed in accordance with their listing. 

8.8.4.1.1.4 Th e re q u i r em e n ts of 8 . 8 . 4 . 1 . 1 . 1 sh all no t apply f o r 
light and ordinary hazard occupancies with ceilings of non- 
combustible or limited combustible construction. Where 
there is a vertical change in ceiling elevation within the area of 
coverage of the sprinkler creating a distance of more than 
36 i n . be twe e n th e u ppe r ce i 1 i ng a n d th e s p ri n kle r d eflec tor, a 
ve rti cal plane ex te n d i n g d own from the c e i 1 i ng at the c h an ge 
in elevation shall be considered a wall for the purpose of sprin- 
kler spacing. Where the distance between the upper ceiling 
and the sprinkler deflector is less than or equal to 36 in., the 
sprinklers shall be permitted to be spaced as though the ceil- 
ing was flat provided the obstruction rules and ceiling pocket 
rules are observed. (See Figure 8.8.4.1. 1.4.) 



T&- 



-& 



x< 36 in. (0.91 m) 
s = Maximum allowable distance 
between sprinklers 




- Vertical plane treated as wall 
for sprinkler spacing 



x> 36 in. (0.91 m) 
s ~ Maximum allowable distance 
between sprinklers 

FIGURE 8.8.4.1.1.4 Vertical Changes in Ceiling Elevations. 



8.8.4.1.2 Obstructed Construction. Under obstructed con- 
struction, the sprinkler deflector shall be located in accor- 
dance with one of the following arrangements: 

(1) Installed with the deflectors within the horizontal planes 
of 1 in. to 6 in. (25.4 mm to 152 mm) below the structural 
members and a maximum distance of 22 in. (559 mm) 
below the ceiling/ roof deck. 



(2) Installed with the deflectors at or above the bottom of the 
structural member to a maximum of 22 in. (559 mm) 
below the ceiling/ roof deck where the sprinkler is in- 
stalled in conformance with 8.8.5. 1 .2. 

(3) Installed in each bay of obstructed construction, with the 
deflectors located a minimum of 1 in. (25.4 mm) and a 
m ax imum o f 1 2 in. (3 5 m m ) b e I o w the c e i I i n g . 

(4) Where sprinklers are listed for use under other ceiling 
construction features or for different distances, they shall 
be permitted to be installed in accordance with their 
listing. 

8.8.4.1.3* Peaked Roofs and Ceilings. Sprinklers under or near 
the peak of a roof or ceiling shall have deflectors located not 
more than 3 ft (0.9 m) vertically down from the peak in accor- 
dance with Figure 8,6.4. 1 .3. 1 (a) and Figure 8.6.4.1 .3.1. (b) . 

8.8.4.2 Deflector Orientation. Deflectors of sprinklers shall 
be aligned parallel to ceilings or roofs. 

8.8.5 Obstructions to Sprinkler Discharge (Extended Cover- 
age Upright and Pendent Spray Sprinklers) . 

8.8.5.1 Performance Objective. 

8.8.5.1.1 Sprinklers shall be located so as to minimize ob- 
structions to discharge as defined in 8.8.5.2 and 8.8.5.3, or 
additional sprinklers shall be provided to ensure adequate 
coverage of the hazard. 

8.8.5.1.2 Sprinklers shall be arranged to comply with one of 
the following arrangements: 

(3) Sprinklers shall be in accordance with 8.5.5.2, Table 
8.8.5.1.2, and Figure 8.8.5.1.2(a). 

(2) Sprinklers shall be permitted to be spaced on opposite 
sides of obstructions not exceeding 4 ft (1.2 m) in width 
provided the distance from the center line of the obstruc- 
tion to the sprinklers does not exceed one-half the allow- 
able distance permitted between sprinklers. 

(3) Obstructions located against the wall and that are not 
over 30 in. (762 mm) in width shall be permitted to be 
p ro tec ted i n ace o rd an ce w i th Fi gu re 8 . 8 . 5 . 1 . 2 ( b ) . 

8.8.5.2 Obstructions to Sprinkler Discharge Pattern Devel- 
opment. 

8.8.5.2.1 General. 

8.8.5.2.1.1 Continuous or no neon tin nous obstructions less 
th an or e qual to 18 in. ( 45 7 m m ) be 1 ow th e s p r i n k I e r d efl e c to r 
that prevent the pattern from fully developing shall comply 
with 8.8.5.2. 

8.8.5.2.1.2 Regardless of the rules of this section, solid con- 
tinuous obstructions shall meet the applicable requirements 
of 8.8.5.1.2. 

8.8.5.2.1.3* Unless the requirements of 8.8.5.2.1.4 through 
8.8.5.2.1.9 are met, sprinklers shall be positioned away from ol> 
stmctions a minimum distance of four times the maximum di- 
mension of the obstruction (e.g., truss webs and chords, pipe, 
columns, and fixtures). The maximum clear distance required 
shall be 36 in. (0.91 m) in accordance with Figure 8.8.5.2. 1 .3. 

8.8.5.2.1.4 Sprinklers shall be permitted to be spaced on op- 
posite sides of the obstruction where the distance from the 
cen te rli ne of th e obs tru c ti on to th e s p r i n kle is does n o t exceed 
one-half the allowable distance between sprinklers. 
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Table 8.8.5,1.2 Position of Sprinklers to Avoid Obstructions 
to Discharge (Extended Coverage Upright and Pendent 
Spray Sprinklers) 







Maximum Allowable 






Distance of Deflector 


Distance from Sprinklers to 


above Bottom of 


Side of Obstruction 


(A) 


Obstruction (in.) (B) 


Less than 1 ft 







1 it to less than 1 ft 6 in. 







1 ft 6 in. to less than. 2 ft 




1 


2 ft to less than 2 ft 6 in. 




1 


2 ft 6 in. to less than 3 ft 




1 


3 ft to less than 3 ft 6 in. 




3 


3 ft 6 in. to less than 4ft 




3 


4 ft to less than 4ft 6 in. 




5 


4 ft 6 in. to less than 5ft 




7 


5 ft to less than 5 ft 6 in. 




7 


5 ft 6 in. to less than 6 ft 




7 


6 ft to less than 6 ft 6 in. 




9 


6 ft 6 in. to less than 7ft 




11 


7 ft and greater 




14 




A>{D-& in.) + B [A > (D- 0.2 m) + B) 
D< 30 in. (0.8 m) 



Elevation View 



For SI units, I in. = 25.4 mm; J ft = 0.3048 in. 
Note: For (A)nn<\ (B), refer to Figure 8.8.5.1.2(a). 



FIGURE 8.8.5.1.2(b) Obstructions Against Walls (Extended 
Coverage Upright and Pendent Spray Sprinklers). 



Ceiling 




Elevation View 

FIGURE 8.8.5.1.2(a) Position of Sprinklers to Avoid Ob- 
structions to Discharge (Extended Coverage Upright and Pen- 
dent Spray Sprinklers). 



8.8.5.2.1.5 Sprinklers shall be permitted to be located one- 
half the distance between the obstructions where the obstruc- 
t ion co n s i sts of o pe n trusses 2 in. ( . 5 1 m ) o r greater apa rt 
[ 2 4 i n . (0.6 1 m ) o n ce n te r ] , p rovid e d tha t al 1 tin ss me rubers 
are not greater than 4 in. (102 mm) (nominal) in width and 
web members do not exceed 1 in. (25.4 mm) in width. 

8.8.5.2.1.6 Sprinklers shall be permitted to be installed on the 
center! ine of a truss or bar joist or directly above a beam provided 
that the truss chord or beam dimension is not more than 8 in. 
(203 mm) and the sprinkler deflector is located at least 6 in. 
(152 mm) above the structural member and where the sprinkler 
is positioned at a distance four times greater than the maximum 
dimension of the web members away from the web members. 



8.8.5.2.1.7 The requirements of 8.8.5.2. 1.3 shall not apply to 
the piping to which an upright sprinkler is directly attached 
less than 3 in. (75 mm) in diameter. 

8.8.5.2.1.8 The requirements of 8.8. 5. 2. 1.3 shall not apply to 
the piping to which pendent sprinklers are directly attached. 

8.8.5.2.1.9 The requirements of 8.8.5.2.1.3 shall not apply to 
sprinklers positioned with respect, to obstructions in accor- 
dance with 8.8.5.1.2. 

8.8.5.2.2 Suspended or Floor-Mounted Vertical Obstructions. 

Th e d i stan ce from s prin kl e rs to p ri vacy cu r ta i ns , f re e-s tan ding 
partitions, room dividers, and similar obstructions in light haz- 
ard occupancies shall be in accordance with Table 8.8.5.2.2 
and Figure 8.8.5.2.2. 

8.8.5.3* Obstructions that Prevent Sprinkler Discharge from 
Reaching the Hazard. 

8.8.5.3.1 Continuous or noncontinuous obstructions that in- 
terrupt the water discharge in a horizontal plane more than 
18 in. (457 mm) below the sprinkler deflector in a manner to 
limit the distribution from reaching the protected hazard 
shall comply with 8.8.5.3. 

8.8.5.3.2 Sprinklers shall be installed under fixed obstruc- 
tions over 4 ft (1.2 rn) wide such as ducts, decks, open grate 
flooring, cutting tables, and overhead doors. 

8.8.5.3.3 Sprinklers shall not be required under obstructions 
that are not fixed in place such as conference tables. 

8.8.5.3.4 Sprinklers installed under open gratings shall be of 
the intermediate level/rack storage type or otherwise shielded 
from the discharge of overhead sprinklers. 

8.8.6 Clearance to Storage (Extended Coverage Upright and 
Pendent Spray Sprinklers). 

8.8.6.1 The clearance between the deflector and the top of 
storage shall be 18 in. (457 mm) or greater. 
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t Ipiiii^iiii 


Sprir 


c 

1 
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1 




Obstruction 






A 











\ 



Ceiling 



Open web steel 
or wood truss 



Plan View of Column 



Elevation View of Truss 



A> AC or AD 
A < 36 in. (0.91 m) 
(Use dimension C or D, whichever is greater) 

FIGURE 8.8.5.2.1.3 Minimum Distance from Obstruction (Extended Coverage Upright and 
Pendent Spray Sprinklers). 



Table 8.8.5.2.2 Suspended or Floor-Mounted Obstructions 
(Extended Coverage Upright and Pendent Spray Sprinklers) 



Horizontal Distance (A) 



Minimum Vertical 

Distance below 
Deflector (in.) (B) 



6 in. or less 

More than 6 in. to 9 in. 
More than 9 in. to 12 in. 
More than 12 in. to 15 in. 
More than 15 in. to 18 in. 
More than 18 in. to 24 in. 
More than 24 in. to 30 in. 
More than 30 in. 



3 
4 
6 

8 

9M> 

1214 

15/2 

18 



For SI units, 1 in. = 25.4 mm. 

Note: For (A) and (B), refer to Figure 8.8.5.2.2. 



8.8.6.2 Where other standards specify greater clearance to 
storage minimums, they shall be followed. 

8.8.7 Ceiling Pockets. 

8.8.7.1 Sprinklers shall be required in all ceiling pockets. 

8.8.7.2 The requirements of 8.8.7.1 shall not apply where all 
of the following are met: 

(1) The total volume of the unprotected ceiling pocket does 
not exceed 1000 ft 3 . 

(2) The depth of the unprotected pocket does not exceed 
36 in. 

(3) The entire floor under the unprotected ceiling pocket is 
protected by the sprinklers at the lower ceiling elevation. 

(4) Each unprotected ceiling pocket is separated from any 
adjacent unprotected ceiling pocket by a minimum 10 ft 
horizontal distance. 

(5) The unprotected ceiling pocket is constructed of non- 
combustible or limited combustible construction. 



\z 



Ceiling or roof 



Floor 



Elevation View 

FIGURE 8.8.5.2.2 Suspended or Floor-Mounted Obstruc- 
tions (Extended Coverage Upright and Pendent Spray Sprin- 
klers). 

(6) Skylights not exceeding 32 ft" shall be permitted to have a 
plastic cover. 

(7) Quick response sprinklers are utilized throughout the 
compartment. 

8.9 Extended Coverage Sidewall Spray Sprinklers. 

8.9.1 General . Al 1 req u i re me n ts of Sec ti o n 8 . 5 s h al 1 ap p 1 y to 
extended coverage sidewall spray sprinklers except as modi- 
fied in Section 8.9. 

8.9.2 Protection Areas per Sprinkler (Extended Coverage 
Sidewall Spray Sprinklers) . 

8.9,2.1* Determination of the Protection Area of Coverage. 

8.9.2.1.1 The protection area of coverage per sprinkler (A J 
for extended coverage sidewall sprinklers shall be not less 
than that prescribed by the listing. 
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8.9.2.1.2 Listing dimensions shall be in 2 ft (0.61 m) incre- 
ments up to 28 ft (8.5 m). 

8.9.2-2 Maximum Protection Area of Coverage. 

8.9.2.2.1 111 e m a x i n i u m a 1 1 o wa b 1 e p ro tec Li o n a re a of cove r- 
age for a sprinkler (/l s ) shall be in accordance with the value 
indicated in .Table 8.9^2.2.1 . 

8.9.2.2.2 In any case, the maximum area of coverage of a 
sp r i n k I e r s h a 1 1 n o i exc ee d 40 fl~ ( 3 7 . 1 m " ) . 

8.9.3 Sprinkler Spacing (Extended Coverage Sidewall Spray 
Sprinklers). 

8.9.3.1 Maximum Distance Between Sprinklers. 

8.9.3.1.1 The maximum distance permitted between sprin- 
k 1 c is s h a 1 1 be base d o n th c ce n te i line d i s ta n ce be twe en sp ri n- 
klcrs on the branch line along the wall. 

8.9.3.1.2 Wh c i:e s p ri n k 1 e rs aire i n s ta 1 1 ed al o n g t h e 1 e n gth of a 
single wall of rooms or bays they shall be spaced in accordance 
with the maximum sp a c i i i g pro v i s i o n s o f Ta b 1 e 8.9.2.2.1. 

8.9.3.1.3 Sidewall sprinklers shall not be installed back-to- 
back without being separated by a continuous lintel, soffit, 
or baffle. 

8.9.3.1.4 Si d ewa 1 1 sp ri n k 1 c is sh a 1 1 be perm i tted to be i n stal led 
on opposijig or adjacent; walls provided no sprinkler is located 
w i th i n th e m ax i m 1 1 m p ro tc c ti on a tea of a n o th e r sp ri nkl e r. 

8.9.3.2 Maximum Distance from Walls. The distance from 
sprinklers to the end walls shall not exceed one-half of the 
all o \ va b 1 e d i s ta nee p e r m i t te cl be t;\v e e n s p i i n k 1 e r s as i n d i c a t e d 
in Tabic 8.9.2.2.1. 

8.9.3.3 Minimum Distance from Walls. 

8.9.3.3.1 Sprinklers shall be located a minimum of 4 in. 
(102 mm) from an end wall. 

8.9.3.3.2 TIi e d i s ta n c e fro i n th e vva .1 1 to th e s p r i n kl e r s h a 1 1 be 
measured perpendicular to the wall. 

8.9.3.4 Minimum Distance Between Sprinklers. No sprinklers 
s h a 1 1 be 1 oca te d w i th i n th e m ax i m u m p r o tec ti o n area of an y 
other sprinkler. 

8.9.4 Deflector Position from Ceilings and Walls (Extended 
Coverage Sidewall Spray Sprinklers). 

8.9.4.1 Distance Below Ceilings and from Walls to Which 
Sprinklers are Mounted. 

8.9.4.1.1 Ceilings. 

8.9.4.1.1.1 Unless the requirements of 8.9.4.1.1.2 are met, 
sidewall sprinkler deflectors shall, be located not more than 
6 in. (152 mm) nor less than 4 in. (1.02 mm) from ceilings. 



8.9.4.1.1.2 Horizontal sidewall sprinklers shall be permitted 
to be located in a zone 6 in. to 12 in. (152 mm to 305 mm) or 
1 2 i n . to 1 8 in. ( 30 5 m m to 457 m m ) be: 1 o w n o n co m b ustibl e o r 
1 i m i te d-co m bu s ti b.l e ce i 1 i n gs w h e re 1 i s te d f o r s u c h u se . 

8.9.4.1.2 Walls. 

8.9.4.1.2.1 Sidewall sprinkler deflectors shall be located not. 
more than 6 in. (152 mm) or less than 4 in. (102 in in) from 
wal 1 s o n wh i c h t; h ey a re m o u n te d . 

8.9.4.1.2.2 Horizontal sidewall sprinklers shall be permitted 
to be located with their deflectors less than 4 in. (102 mm) 
fro m the wal 1 on w h i c h th ey a re mo u n te d . 

8.9.4.1.3 Lintels and Soffits. 

8.9.4.1.3.1 Sidewall sprinklers shall only be installed along 
wal Is, 1 i n te 1 s , o r s of f r ts w h e re t h e d i s ta n ce f ro m the c e i 1 i n g to 
the bottom of the lintel or soffit is at least 2 in. (51 mm) 
greater than the distances from the ceiling to sidewall sprin- 
kler deflectors. 

8.9.4.1.3.2 Where soffits tised for the installation of side- 
wall sprinklers exceed 8 in. (203 mm) in width or projec- 
tion from the wall, additional sprinklers shall be installed 
below the soffit. 

8.9.4.2 Deflector Orientation. 

8.9.4.2.1 D e 11 e c tors of s p r i n k le rs s h al 1 be a 1 i gn ed pa ra 1 1 el to 
ceilings or roofs. 

8.9.4.2.2 Side wal 1 spri n kl e rs, wh e re ins ta 1 1 ed u n der a sloped 
ceiling with a slope exceeding 2 in 12, shall he located at the 
high point of the slope and positioned to discharge downward 
along the slope. 

8.9.4.2.3 Sidewall sprinklers specifically listed for other ceil- 
ing configurations shall be permitted to be installed in accor- 
dance with the listing requirements. 

8.9.5 Obstructions to Sprinkler Discharge (Extended Cover- 
age Sidewall Spray Sprinklers). 

8.9,5,1 Performance Objective. 

8.9.5.1.1 Sprinklers shall be located so as to minimize ob- 
structions to discharge as defined in 8.5.5.2 and 8.5.5.3, or 
additional sprinklers shall be provided to en sme adequate 
coverage of the hazard. 

8.9.5.1.2 Sid e wall spri n kl e rs s h a 1 1 be i n s ta 1 1 ed no c 1 ose r th a n 
8 ft (2.4 m ) from 1 i gh t fi x tu res o r s i m if ar o bstr 1 1 c ti o n s . 

8.9.5.1.3 Th e d i s ta n ce b e twe e n 1 i g h 1 11 x tu re s o r si m i 1 a r o bs tr 1 1 c- 
tions located more than 8 ft (2.4 m) from the sprinkler shall be in 
conformity with Table 8.9.5. 1.3 and Figure 8.9.5.1.3. 



Table 8.9.2.2.1 Protection Area and Maximum Spacing for Extended Coverage Sidewall 
Sprinklers 



Light Hazard 



Ordinary Hazard 



Protection Area 



Spacing 



Construction Type ft 2 



ft 



Protection Area 



ft* 



Spacing 



ft 



Unobstructed, 
smooth, flat 



400 



37.2 



28 



8.5 



400 



37.2 



24 



7.3 



2002 Edition 



INSTALLATION REQUIREMENTS 



13-59 



Table 8.9.5.1.3 Positioning of Sprinklers to Avoid 
Obstructions (Extended Coverage Sidewall Sprinklers) 



Distance from Sidewall Sprinkler 
to Side of Obstruction (A) 



Maximum Allowable 
Distance of Deflector 

above Bottom of 
Obstruction (in.) (B) 



Less than 8 ft 

8 ft to less than 1.0 ft 

10 ft to less than 11 ft 

11 ft to less than 12 ft 

12 ft to less than 1.3 ft 

13 ft to less than 14 ft 

14 ft to less than .1.5 ft 

15 ft to less than 16 ft 

16 ft to less than 17 ft 

17 ft or greater 



Not allowed 
1 

2 
3 
4 
6 
7 
9 
.11 
14 



For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 
Note: For (71) and (B), refer to Figure 8.9.5.1.3. 
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Elevation View 

FIGURE 8.9.5.1.3 Positioning of Sprinklers to Avoid Ob- 
structions (Extended Coverage Sidewall Sprinklers). 



8.9.5.2 Obstructions to Sprinkler Discharge Pattern Devel- 
opment. 

8.9.5.2.1 General. 

8.9.5.2.1.1 Co n ti n u on s o r no n co n ti n u on s obs trn c ti o n s 1 ess 
th a n o r e qua 1 to 1 8 in . ( 45 7 in m ) b e 1 o vv th e s p ri n kl e r d e II e c tor 
that prevent the pattern from fully developing shall comply 
with this section. 

8.9.5.2.1.2 Re ga rd 1 e ss of the r u 1 es of this sec ti o n , solid con- 
ti n noii s obs tr u c ti o n s s h al 1 m e e t th e re q u i rem e n is of 8.9.5.1.2 
and 8.9.5.1.3. 

8.9.5.2.1.3* Unless the requirements of 8.9.5.2.1.4 or 
8.9.5.2.1.5 are met, sprinklers shall be positioned away from 
obstr uc ti o ns a m i n i m u m d i stan ce of fon r ti in es th e max i m um 
dimension of the obstruction (e.g., truss webs and chords, 



pipe, columns, and fixtures). The maximum clear distance 
required shall be 86 in. (0.91 m) from the sprinkler. 

8.9.5.2.1.4 Sidewall sprinklers shall be positioned in accor- 
d an ce w i th Fi gu re 8.9.5.2.1. 4 w h e n o bs 1 r i i c ti o n s a re p rese n t. 

8.9.5.2.1.5 The requirements of 8.9.5.2. 1.3 and 8.9.5.2.1.4 
shall not apply where sprinklers are positioned with respect to 
o bs trn c ti o n s i n a ceo rd a n c e w i th 8.9.5.1.2 an d 8.9.5. 1 . 3 . 

8.9.5.2.2 Suspended or Floor-Mounted Vertical Obstructions. 

The distance from sprinklers to privacy curia ins, free-standing 
par ti ti o n s , roo m d i vi d e rs , a ncl s i m i 1 a r o bs trn c ti o n s i n 1 i g h t h a z- 
ard occupancies shall be in accordance with Table 8.9.5.2.2 
and Figure 8.9.5.2.2. 

8.9.5.3* Obstructions that Prevent Sprinkler Discharge from 
Reaching the Hazard. 

8.9.5.3.1 Con ti n u o u s o r 1 1 o n co n ti i i u o us obs t r u c tie n s th at i n- 
terrupt the water discharge in a horizontal plane more than 
18 in. (457 m m ) be 1 o w the s p r i n kl e r d e (1 e c to r in a m a n 1 1 e r to 
limit the distribution from reaching the protected hazard 
shall comply with this section. 

8.9.5.3.2 Sprinklers shall be installed under fixed obstruc- 
ts o n s ove r 4 ft (1.2 m ) wi d e s u c h as d u c ts , d e c ks , o pe n g ra te 
flooring, cutting tables, and overhead doors. 

8.9.5.3.3 Spri n kl e rs s h all n o t be re q u i re d u n d e i • o bs t r u c ti o n s 
that are not fixed in place such as conference tables. 

8.10 Residential Sprinklers. 

8.10.1 Reserved 

8.10.2 Areas of coverage shall be in accordance with the 
man ufa c t u re r*s listing. 

8.10.3 Distances Between Sprinklers. 

8.10.3.1 Maximum distances between sprinklers shall be in 
ace o r d an c e w i t h the m a . n r i fa c t u r e r ' s 1 i s t i n g . 

8.10.3.2 The distance between the sprinkler and the wall 
shall not exceed half the maximum allowable distance be- 
twee n s p r i n k 1 e rs pe r th e n i a n u I ac t u re r ' s 1 i s ti n g. 

8.10.3.3 The minimum distance between sprinklers within a 
compartment shall be 8 ft, unless the listing of the sprinkler 
requires a greater distance. 

8.10.4 Distance Below Ceilings. 

8.10.4.1 P e n d e n t and u p r i g h 1 sprinklers s h a 1 1 b e p o s i ti o n e d 
so that the deflectors are 1 in. to 4 in. from the ceiling unless 
the listing allows a greater distance. 

8.10.4.2 Sidewall sprinklers shall be positioned so that the 
deflectors are within 4 in. to 6 in. from the ceiling unless the 
listing allows greater distances. 

8.10.5 Residential sprinkler installed in conformance with 
this standard shall follow the sprinkler obstruction rules of 

8.10.6 or 8.10.7 as appropriate for their installation orienta- 
tion (upright, pendent, or sidewall) and the obstruction crite- 
ria specified in the manufacturer's installation instructions. 

8.10.6 Obstructions to Sprinkler Discharge (Residential Up- 
right and Pendent Spray Sprinklers). 

8.10.6.1 Performance Objective. 

8.10.6.1.1 Sprinklers shall be located so as to minimize ob- 
structions to discharge as defined in 8.10.6.2 and 8.10.(3.3, or 
additional sprinklers shall be provided to ensure adequate 
c ove rage o f t h e h a za r d . 
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Obstruction 



Sprinkler 



Wall 



A 



I 



Va 




Plan View of Column 



Elevation View of Pipe Conduit or Light Fixture 



A>4Cor4D 
,4 < 36 in. (0.91 m) 
(Use dimension Cor D, whichever is greater) 

FIGURE 8.9.5.2.1.4 Minimum Distance from Obstruction (Extended Coverage Sidewall). 



Table 8.9.5.2.2 Suspended or Floor-Mounted Obstructions 
(Extended Coverage Sidewall Sprinklers) 



Horizontal Distance (A) 



Minimum Allowable 

Distance below 
Deflector (in.) (B) 



6 in. or less 

More than 6 in. to 9 in. 
More than 9 in. to 12 in. 
More than 12 in. to 15 in. 
More than 15 in. to 18 in. 
More than 18 in. to 24 in. 
More than 24 in. to 30 in. 
More than SO in. 



3 

4 
6 

8 

9'/2 

YlVi 

15/2 

18 



For SI units, 1 in. = 25.4 mm. 

Note: For (A) and (B), refer to Figure 8.9.5.2.2. 



8.10.6.1.2 Sprinklers shall be arranged to comply with one of 
tli e foil o wi n g a r ra n ge in e n ts : 

(1) Sprinklers shall be in accordance with 8.5.5.2, Table 
8.10.6.1.2, and Figure 8.10.6.1.2(a). 

(2) Sprinklers shall be permitted to be spaced on opposite 
sides of obstructions not exceeding 4 ft (1.2 m) in width 
provided the distance from the centerline of the obstruc- 
tion to the sprinklers does not exceed one-half the allow- 
able distance permitted between sprinklers. 

(3) Obstructions located against the wall and that are not 
over 30 in. (762 mm) in width shall be permitted to be 
protected in accordance with Figure 8.10.6.1.2(b). 

8.10.6.2 Obstructions to Sprinkler Discharge Pattern Devel- 
opment. 

8.10.6.2.1 General. 

8.10.6.2.1.1 Continuous or noncontinuous obstructions less 
than or equal to 18 in. (457 mm) below the sprinkler deflector 






<1 



I 



I 



Wall 



Floor 



Ceiling 



Obstruction 



Elevation View 

FIGURE 8.9.5.2.2 Suspended or Floor-Mounted Obstruc- 
tions (Extended Coverage Sidewall Sprinklers). 



that prevent the pattern from fully developing shall comply 
with 8.10.6.2. 

8.10.6.2.1.2 Regardless of the rules of this section, solid con- 
tinuous obstructions shall meet the applicable requirements 
of 8.10.6.1.2. 

8.10.6.2.1.3* Unless the requirements of 8.10.6.2.1.4 through 
8.10.6.2.1.9 are met, sprinklers shall be positioned away from 
obstructions a minimum distance of four' times the maximum 
dimension of the obstruction (e.g., truss webs and chords, 
pipe, columns, and fixtures). The maximum clear distance 
required shall be 36 in, (0.91 m) in accordance with Fig- 
ure 8.10.6.2.1.3. 
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Table 8.10.6.1.2 Position of Sprinklers to Avoid 
Obstructions to Discharge (Residential Upright and Pendent 
Spray Sprinklers) 



Distance from Sprinklers to 
Side of Obstruction (A) 



Maximum Allowable 
Distance of Deflector 

above Bottom of 
Obstruction (in.) (B) 



Less than 1 ft 





1 ft to less than 1 ft 6 in. 





1 ft 6 in. to less than 2 ft 


1 


2 ft to less than 2 ft 6 in. 


1 


2 ft 6 in. to less than 3 ft 


1 


3 ft to less than 3 ft 6 in. 


3 


3 ft 6 in. to less than 4ft 


3 


4 ft to less than 4 ft 6 in. 


5 


4 ft 6 in. to less than 5ft 


7 


5 ft to less than 5 ft 6 in. 


7 


5 ft 6 in. to less than 6 ft 


7 


6 ft to less than 6 ft 6 in. 


9 


6 ft 6 in. to less than 7 ft 


11 


7 ft and greater 


14 



For SI units, I in. - 25.4 mm; 1 ft - 0.3048 m. 
Note: For (A) and (B), refer to Figure 8. 10.6. 1.2 (a). 




Elevation View 

FIGURE 8.10.6.1.2(a) Position of Sprinklers to Avoid Ob- 
structions to Discharge (Residential Upright and Pendent 
Spray Sprinklers). 

8.10.6.2.1.4 Sprinklers shall be permitted to be spaced on 
opposite sides of the obstruction where the distance from the 
centerline of the obstruction to the sprinklers does not exceed 
one-half the allowable distance between sprinklers. 

8.10.6.2.1.5 Sprinklers shall be permitted to be located one- 
half the distance between the obstructions where the obstruc- 
tion consists of open trusses 20 in. (0.51 m) or greater apart 
[ 2 4 i n . (0.61 m ) o n ce n te r ] , p ro vi d e d th a t al 1 truss m e mbe rs 
are not greater than 4 in. (102 ram) (nominal) in width and 
web members do not exceed I in. (25.4 mm) in width. 

8.10.6.2.1.6 Sprinklers shall be permitted to be installed on 
the centerline of a truss or bar joist or directly above a beam 
provided that the truss chord or beam dimension is not more 






1 



I 



1 





\ / Ceiling 


> 


B 




Obstruction 
D 


A 




Wall A>(D-8\n.) + B[A>(D- 
waM D< 30 in. (0.8 m) 

Elevation View 


-0.2 m) + 8] 



FIGURE 8.10.6.1.2(b) Obstructions Against Walls (Residen- 
tial Upright and Pendent Spray Sprinklers). 



than 8 in. (203 mm) and the sprinkler deflector is located at 
least 6 in. (152 mm) above the structural member and where 
the sprinkler is positioned at a distance four times greater 
than th e m ax i m u m dim e n s i o n o f tl i e we b m e m be rs away fro m 
the web members. 

8.10.6.2.1.7 The requirements of 8.10.6.2.1 .3 shall not apply 
to the piping to which an upright sprinkler is directly attached 
less than 3 in. (75 mm) in diameter. 

8.10.6.2.1.8 The requirements of 8.10.6.2.1.3 shall not ap- 
ply to the piping to which pendent sprinklers are directly 
attached. 

8.10.6.2.1.9 The requirements of 8. 10.6.2. L3 shall not apply 
to sprinklers positioned with respect to obstructions in accor- 
dance with 8.10.6. 1.2. 

8.10.6.2.2 Suspended or Floor-Mounted Vertical Obstruc- 
tions. The distance from sprinklers to privacy curtains, free- 
standing partitions, room dividers, and similar obstructions in 
light hazard occupancies shall be in accordance with 
Table 8.10.6.2.2 and Figure 8.10.6.2.2. 

8.10.6.3* Obstructions that Prevent Sprinkler Discharge from 
Reaching the Hazard. 

8.10.6.3.1 Continuous or noncontinuous obstructions that 
interrupt the water discharge in a horizontal plane more than 
18 in. (457 mm) below the sprinkler deflector in a manner to 
limit the distribution from reaching the protected hazard 
shall comply with 8.10.6.3. 

8.10.6.3.2 Sprinklers shall be installed under fixed obstruc- 
tions over 4 ft (1.2 m) wide such as ducts, decks, open grate 
flooring, cutting tables, and overhead doors. 

8.10.6.3.3 Sprinklers shall not be required under obstruc- 
tions that are not fixed in place such as conference tables. 

8.10.6.3.4 Sprinklers installed under open gratings shall be 
of the intermediate level/ rack storage type or otherwise 
shielded from the discharge of overhead sprinklers. 
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Sprinkler 



Plan View of Column 




Ceiling 



Open web steel 
or wood truss 



Elevation View of Truss 



A>4Cor4D 
A< 36 in. (0.91 m) 
(Use dimension Cor D, whichever is greater) 

FIGURE 8.10.6.2.1.3 Minimum Distance from Obstruction (Residential Upright and Pendent 
Spray Sprinklers) . 



Table 8.10.6.2.2 Suspended or Floor-Mounted Obstructions 
(Residential Upright and Pendent Spray Sprinklers) 



Horizontal Distance (A) 



Minimum Vertical 

Distance below 
Deflector (in.) (B) 



6 in. or less 

More than 6 in. to 9 in. 
More than 9 in. to 12 in. 
More than 12 in. to 15 in. 
More than 15 in. to 18 in. 
More than 18 in. to 24 in. 
More than 24 in. to 30 in. 
More than 30 in. 



3 
4 
6 

8 
9^4 

12'/2 

1514 
18 



For S 1 u n i is , 1 in. - 25.4 m in . 

Note: For (A) and (B), refer to Figure 8.10.6.2-2. 

8.10.7 Obstructions to Sprinkler Discharge (Residential Side- 
wall Spray Sprinklers). 

8.10.7.1 Performance Objective. 

8.10.7.1.1 Sprinklers shall be located so as to minimize ob- 
structions to discharge as defined in 8.5.5.2 and 8.5.5.3, or 
additional sprinklers shall be provided to ensure adequate 
coverage of the hazard. 

8.10.7.1.2 Si d ewa 1 1 s p ri n kl e rs sha 1 1 be i n s tall ed n o cl ose r th an 
8 ft (2.4 m) from light fixtures or similar obstructions. 

8.10.7.1.3 The distance between light fixtures or similar ob- 
structions located more than 8 ft (2.4 m) from the sprinkler shall 
be in conformity with Table 8.10.7.1.3 and Figure 8.10.7.1.3. 

8.10.7.2 Obstructions to Sprinkler Discharge Pattern Devel- 
opment. 

8.10.7.2.1 General. 

8.10.7.2.1.1 Continuous or non continuous obstructions less 
than or equal to 18 in. (457 mm) below the sprinkler deflector 



2 



Ceiling or roof 



Floor 



Elevation View 

FIGURE 8.10.6.2.2 Suspended or Floor-Mounted Obstruc- 
tions (Residential Upright and Pendent Spray Sprinklers). 

that prevent the pattern from fully developing shall comply 
with this section. 

8.10.7.2.1.2 Re ga rd less of th e r ul es of th i s sec ti o n , so 1 id con- 
tin uous obstructions shall meet the requirements of 8. 10.7. 1 .2 
and 8.10.7.1.3. 

8.10.7.2.1.3* Unless the requirements of 8.10.7.2.1.4 or 
8.10.7.2.1.5 are met, sprinklers shall be positioned away from 
obs true tio n s a mini m u m d ista n c e of f o u r ti m es th e m ax i m u m 
dimension of the obstruction. The maximum clear distance 
required shall be 36 in. (0.91 m) from the sprinkler (e.g., truss 
webs and chords, pipe, columns, and fixtures). 

8.10.7.2.1.4 Sidewall sprinklers shall be positioned in accor- 
dance with Figure 8.10.7.2.1.4 when obstructions are present. 

8.10.7.2.1.5 The requirements of 8.10.7.2.1.3 and 8.10.7.2.1.4 
shall not apply where sprinklers are positioned with respect to 
obstructions in accordance with 8.10.7.1.2 and 8.10.7.1.3. 
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Table 8.10.7.1.3 Positioning of Sprinklers to Avoid 
Obstructions (Residential Sidewall Sprinklers) 



Distance from Sidewall Sprinkler to 
Side of Obstruction (A) 



Maximum Allowable 
Distance of Deflector 

above Bottom of 
Obstruction (in.) (B) 



Less than 8 ft 

8 ft to less than 10 ft 

10 ft to less than 11 ft 

11 ft to less than 12 ft 

12 ft to less than 13 ft 

13 ft to less than 14 ft 
1.4 ft to less than 15 it 

15 ft to less than 16 ft 

16 ft to less than 17 ft 

17 ft or greater 



Not Allowed 

I 

2 

3 

4 

6 

7 

9 
11 
14 



For SI units, 1 in. = 25.4 mm; 1 It = 0.3048 m. 
Note: For (A) and (B), refer to Figure 8. 10.7.1.3. 



Ceiling or roof 




Obstruction 



Wail 



Elevation View 

FIGURE 8.10.7.1.3 Positioning of Sprinklers to Avoid Ob- 
structions (Residential Sidewall Sprinklers). 







Sprinkler 



Wall 



I 



1 



I 





Ceiling 
Obstruction 


aX 


A 


/oooa 

D 


Wall 







V, 

1 



I 






I 



Plan View of Column 



Elevation View of Pipe Conduit or Light Fixture 



4>4Cor4D 
A < 36 in. (0.91 m) 
(Use dimension C or D, whichever is greater) 

FIGURE 8.10.7.2.1.4 Minimum Distance from Obstruction (Residential Sidewall). 



8.10.7.2.2 Suspended or Floor-Mounted Vertical Obstruc- 
tions. The distance from sprinklers to privacy curtains, free- 
stan d i n g pa r ti ti o n s , roo m d i vi d e rs , an d s i m i 1 ar obs t r u c ti o n s i n 
light hazard occupancies shall be in accordance with Table 
810.7.2.2 and Figure 8.10.7.2.2. 

8.10.7.3* Obstructions that Prevent Sprinkler Discharge from 
Reaching the Hazard. 

8.10.7.3.1 Con ti n u ous o i ■ n onco n ti n uou s obstruc ti o ns th a t 
interrupt the water discharge in a horizontal plane more than 
18 in. (457 mm) below the sprinkler deflector in a manner to 
limit the distribution from reaching the protected hazard 
shall comply with this section. 

8.10.7.3.2 Sprinklers shall be installed under fixed obstruc- 
tions over 4 ft (1.2 m) wide such as ducts, decks, open grate 
flooring, cutting tables, and overhead doors. 



8.10.7.3.3 Sprinklers shall not be required under obstruc- 
tions that are not fixed in place such as conference tables. 

8.11 Large Drop Sprinklers in All Applications and Other Spe- 
cific Application Sprinklers Used for Storage Protection. 

8.11.1 General . AH req u i rem e n ts o f Se c ti o n 8 . 5 si i a 1 1 a p pi y to 
1 arge d rop sp r i n kl e rs exce p t as m od i I i ed i n Se c ti o n 8 . 1 1 . 

8.11.2* Protection Areas per Sprinkler (Large Drop Sprinklers). 

8.11.2.1 Determination of the Protection Area of Coverage. 

The protection area of coverage per sprinkler (/\ v ) shall be 
d e te rm i n e d in acco rd a n ce w i th 8.5.2. 1 . 

8.11.2.2 Maximum Protection Area of Coverage. 

8.11.2.2.1 The maximum all o wa b 1 e p r o te c t i o n a re a o f : c o ve r- 
age for a sprinkler (A v ) shall be in accordance with the value 
indicated in Table 8. 11.2.2.1. 
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Table 8.10.7.2.2 Suspended or Floor-Mounted Obstructions 
(Residential Sidewall Sprinklers) 



Horizontal Distance (A) 



Minimum Allowable 

Distance below 
Deflector (in.) (B) 



6 in. or less 

More than 6 in. to 9 in. 
More than 9 in. to 12 in. 
More than 12 in. to 15 in. 
More than 15 in. to 18 in. 
More than 18 in. to 24 in. 
More than 24 in. to 30 in. 
More than 30 in. 



3 
4 
6 

8 

9 l A> 

\.2 l /> 

\5¥> 



Lor SI iinils, 1 in. = 25.4 mm. 

Nolo: For f/\);md (8), refer to Figure 8.10.7.2.2. 



<\ 



I 



i 



§ 



Ceiling 



Obstruction 



Wall 



Floor 



Elevation View 



FIGURE 8.10.7.2.2 Suspended or Floor-Mounted Obstruc- 
tions (Residential Sidewall Sprinklers). 



Table 8.11 ,2-2.1 Protection Areas and Maximum Spacing for 
Large Drop Sprinklers 









Maximum 




Protection Area 


Spacing 


Construction Type 


ft 2 


m 2 


ft 


m 


N on combustible 


.1 30 


12.1 


12 


3.7 


unobstructed 










Non combustible 


130 


12.1 


12 


3.7 


obstructed 










Combustible 


130 


12.1 


12 


3.7 


unobstructed 










Combustible 


100 


9.3 


10 


3.1 


obstructed 










Rack storage 


100 


9.3 


10 


3.1 


applications 











8.11.2.2.2 In an y ca se , th e m axi m u m a re a of c ove rage of an y 
sprinkler shall not exceed 130 ft 2 (12.9 nr). 

8.11.2.3 Minimum Protection Area of Coverage. The mini- 
mum allowable protection area of coverage for a sprinkler 

( A s ) s hal 1 be n o 1 1 e ss th a n 8 ft 2 ( 7 . 4 i n 2 ) . 

8.11.3 Sprinkler Spacing (Large Drop Sprinklers). 
8.11.3.1* Maximum Distance Between Sprinklers. 

8.11.3.1.1 Under unobstructed and obstructed noncombus- 
tible construction and unobstructed combustible construction, 
the distance between sprinklers shall be limited to not more than 
12 ft (3.7 in) between sprinklers, as shown in Table 8. 1 1.2.2.1 . 

8.11.3.1.2 Under obstructed combustible construction, the 
m axi n i u in d i s ta n c e s h a 11 be 1 i m i te d to 1 ft ( 3 m ) . 

8.11.3.2 Maximum Distance from Walls. The distance from 
s p r i n k 1 e rs to wa 1 1 s s h al 1 n o t. e xc e e d o n e-h a 1 f of th e a 1 1 o wab 1 e 
distance permitted between sprinklers as indicated in 
Table 8.1 1.2.2.1. 

8.11.3.3 Minimum Distance from Walls. Sprinklers shall be lo- 
cated a minimum of 4 in. (102 mm) from a wall. 

8.11.3.4 Minimum Distance Between Sprinklers. Sprinklers 
shall be spaced not less than 8 ft (2.4 in) on center. 

8.11.4 Deflector Position (Large Drop Sprinklers). 
8.11.4.1* Distance Below Ceilings. 

8.11.4.1.1 Unobstructed Construction. Under unobstructed 
construction, the distance between the sprinkler deflector and 
the ceiling shall be a minimum of 6 in. (152 mm) and a maxi- 
mum of 8 in. (203 mm). 

8.11.4.1.2 Obstructed Construction. Under obstructed con- 
struction, the sprinkler dell ec tor shall be located in accor- 
d a n c e w i th o n e of t h e f o 1 1 o w i n g a i ' ran ge m e n Is : 

( 1 ) I ns tal le d vvi th th e d ell ec to rs I oca ted a m i n i m u m of 6 i n . 
(152 mm) and a maximum of 12 in. (305 mm) from the 
ceiling. 

(2) Installed with the deflectors within the horizontal planes 
1 in. to 6 in. below wood joist or composite wood joist 
construction, to a maximum distance of 22 in. (559 mm) 
be 1 ow t h e c e i 1 i n g / ro of or d e c k. 

(3) Installed with deflectors of sprinklers under concrete tee 
construction with stems spaces less than ?'/> ft (2.3 m) but 
more than 3 ft (0.9 m) on centers, regardless of the depth 
of the tee, located at or above a horizontal plane 1 in. 
(25.4 mm) below the bottom of the stems of the tees and 
shall comply with Table 8.1 1.5.1.2. 

8.11.4.2 Deflector Orientation. Deflectors of sprinklers shall 
be aligned parallel to ceilings or roofs. 

8.11.5* Obstructions to Sprinkler Discharge (Large Drop 
Sprinklers) . 

8.11.5.1 Performance Objective. 

8.11.5.1.1 Sprinklers shall be located so as to minimize ob- 
structions to discharge as defined in 8.5.5.2 and 8.5.5.3, or 
additional sprinklers shall be provided to ensure adequate 
coverage of the hazard. 

8.11.5.1.2 Sprinklers shall be arranged to comply with 
8.5.5.2, r fable 8.11.5. 1.2, and Figure 8.11.5.1.2. 
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Table 8.11.5.1.2 Positioning of Sprinklers to Avoid 
Obstructions to Discharge (Large Drop Sprinkler) 



Distance from Sprinkler to 
Side of Obstruction (A) 



Maximum Allowable 
Distance of Deflector 

above Bottom of 
Obstruction (in.) (B) 



Less than 1 ft 

1 ft to less than 1 ft 6 in. 

1 ft 6 in. to less than 2 ft 

2 ft to less than 2 ft 6 in. 

2 ft 6 in. to less than 3 ft 

3 ft to less than 3 ft 6 in. 

3 ft 6 in. to less than 4 ft 

4 ft to less than 4 ft 6 in. 

4 ft 6 in. to less than 5 ft 

5 ft to less than 5 ft 6 in. 

5 ft 6 in. to less than 6 ft 

6 ft 





V/> 

3 

5'/2 

8 
10 
12 
15 
18 
22 
26 
31 



For SI units, 1 in. - 25.4 mm; 1 ft = 0.3048 m. 
Note: For (A) and (B), refer to Figure 8.1 J .5.1.2. 



Ceiling 



z\ 




Obstructic 



FIGURE 8.11.5.1.2 Positioning of Sprinklers to Avoid Ob- 
structions to Discharge (Large Drop Sprinkler) . 



8.1 1.5. 1.3 The requirements of 8. 1 1 .5. 1 .2 shall not apply, where 
sprinklers are positioned on opposite sides of the obstruction. 

8.11.5.2 Obstructions to Sprinkler Discharge Pattern Devel- 
opment. 

8.11.5.2.1 General. 

8.11.5.2.1.1 Continuous or no neon tin nous obstructions less 
than or equal to 36 in. (914 mm) below the sprinkler deflector 
that prevent the pattern from fully developing shall comply 
with 8.11.5.2. 

8.11.5.2.1.2 Regardless of the rules of this section, solid con- 
tinuous obstructions shall meet the requirements of 8.11.5.1.2 
or 8.11.5. 1.3. 

8.11.5.2.1.3* Unless the requirements of 8.11 .5.1.2 or 8.11.5.1.3 
are met, for obstructions 8 in. (203 mm) or less in width, as 
shown in Figure 8.11.5.2.1.3, sprinklers shall be positioned such 
that they are located at least a distance three times greater than 



the maximum dimension of the obstruction from the sprinkler 
(e.g., webs and chord members, pipe, columns, and fixtures). 

8.11.5.2.2 Branch Lines. Sprinklers shall be positioned with re- 
spect to branch lines in accordance with one of the following: 

(1) Sprinklers shall be permitted to be attached directly to 
branc h 1 in es less th a n 2 in. ( 5 1 m m ) i n d i a m e te r. 

(2) Sprinklers shall be permitted to be offset horizontally a 
minimum of 12 in. (305 mm) from the pipe. 

(3) Sprinklers shall be permitted to be supplied by a riser 
n i pp 1 e to e 1 e va te the sprinkle r d e fie c to r a in i n i m u m of 
1 3 i n . (3 3 m m ) fro m th e c e n te rl i n e o f 2 V>-\ n . ( 6 4- m in ) 
pipe. 

(4) Sprinklers shall be permitted to be supplied by a riser 
nipple to elevate the sprinkler deflector a minimum of 
15 in. (380 mm) fro m t h e c e n te r 1 i n e o f 3- i n . (7 6- m m ) 
pipe. 

8.11.5.3* Obstructions that Prevent Sprinkler Discharge from 
Reaching the Hazard. 

8.11.5.3.1 Continuous or noncontinuous obstructions that 
i n ter r u p 1 1 h e wa te r d is c h a rge in a h o r i zo n la 1 p 1 a n e be 1 o w the 
sprinkler deflector in a manner to limit the distribution from 
re ac h i n g the protected h az a r d shall c o m p 1 y with 8 . 1 1 .5.3. 

8.11.5.3.2 Sprinklers shall be positioned with respect to fluo- 
rescent lighting fixtures, ducts, and obstructions more than 
24 i n . ( 6 1 rn m ) wide and 1 oca ted e n ti re 1 y be 1 ow th e s p r i n kl e rs 
so that th e m i n i m u m h o r i zo n tal d is tan ce fro in th e n e ar s id c of 
the obs true ti o n to th e ce n te r of th e sprinkler is not less th an 
th e va 1 tie spec ifled i n Tabl e 8 . 1 1 .5.3.2a n d Fi gu re 8.11.5.3.2. 

8.11.5.3.3 Sprinklers installed under open gratings shall be 
shielded from the discharge of overhead sprinklers. 

8.11.5.3.4 Where the bottom of the obstruction is located 
24 in. (610 mm) or more below the sprinkler deflectors, the 
following shall occur: 

(1) Sprinklers shall be positioned so that the obstruction is 
cen tered be twee n ad j ace n t s p r i n kl e rs i n acco rdan ce wi th 
Figure 8.11.5.3.4. 

(2) The obstruction width shall meet the following require- 
ments: 

( a ) The obs tructio n shall be 1 i m i ted to a m ax i m urn wi d th of 
24 in. (610 mm) in accordance with Figure 8.1 1.5.3.4. 

(b) Where the obstruction is greater than 24 in. 
(610 mm) wide, one or more lines of sprinklers shall 
be installed below the obstruction. 

(3) The obstruction extension shall meet the following re- 
quirements: 

(a) The obstruction shall not extend more than 12 in. 
(305 mm) to either side of the midpoint between 
sp ri n kle rs i n acco rd an ce wi th Fi gu r e 8 . 1 1 . 5 . 3 . 4 . 

(b) Where the extensions of the obstruction exceed 
1 2 i n . (305 m m ) , o n e o r m o re 1 i n es o f s p r i n kl e rs sh al 1 
be installed below the obstruction. 

(4) At least 18 in. (457 mm) clearance shall be maintained 
between the top of storage and the bottom of the obstruc- 
tion in accordance with Figure 8.1 1.5.3.4. 

8.11.5.3.5 In the special case of an obstruction running parallel 
to and directly below a branch line, the following shall occur: 

(I) The sprinkler shall be located at least 36 in. (914 mm) 
above the top of the obstruction in accordance with Fig- 
ure 8.11.5.3.5. 
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Obstruction 



Sprinkler 



Y///////////////////// 


zMM^mmm 




&gj Ceiling 


V 

\ 

A 


Open web steel 
or wood truss 


\ 





Plan View of Column 



Elevation View of Truss 



A>3Cor3D 
(Use dimension C or D, whichever is greater) 

FIGURE 8.11.5.2.1.3 Minimum Distance from Obstruction (Large Drop Sprinkler). 



Table 8.11.5.3.2 Obstruction Entirely Below the Sprinkler 
(Large Drop Sprinkler) 



Distance of Deflector above Bottom 
of Obstruction (B) 



Minimum Distance to 

Side of Obstruction 

(ft) (A) 



Less than. 6 in. 
6 in. to less than 12 in. 
12 in. to less than 18 in. 
18 in. to less than 24 in. 
24 in. to less than 30 in. 
30 in. less than 36 in. 



1 W 
3 
4 

5 

5'/i> 

6 



For SI units, I in. - 25.4 mm; .1 It. - 0.3048 m. 
Note: For (A) and (/J), refer to Figure 8. 1.1 .5.3.2. 



Ceiling 



24 in. (610 mm) or more 



/oooo\ 



S 



Pipe, conduit, 
or fixture 



FIGURE 8.11.5.3.2 Obstruction Entirely Below the Sprinkler 
(Large Drop Sprinkler). 



(2) The obstruction shall be limited to a maximum width of 
12 in. (30 5 mm) in a c c o id a n c e w i t h F i g u re 8.11.5.3.5. 

( 3 ) Th e o bs tr u c ti on s h a 1 1 b e I i m i te d to a in axi m u m ex te n s i o n 
of 6 in. ( 1 5 2 m m ) to e i th e r s i d e of th e ce n te r 1 i n e o f th e 
branch line in accordance with Figure 8.1 1 .5.3.5. 

8.11.6 Clearance to Storage (Large Drop Sprinklers). The 

clearance between the deflector and the Lop of storage shall 
be 36 in. (914 mm) or greater. 

8.12 Early Suppression Fast-Response Sprinklers. 

8.12.1 General. All requirements of Section 8.5 shall apply 
except as modified in Section 8.12. 

8.12.2 Protection Areas per Sprinkler (Early Suppression 
Fast-Response Sprinklers). 

8.12.2.1 Determination of the Protection Area of Coverage. 

The protection area of coverage per sprinkler (A J shall be 
determined in accordance with 8.5.2. 1. 

8.12.2.2 Maximum Protection Area of Coverage. 

8.12.2*2.1 Th e in ax i m u m all o wab 1 e p ro te c ti o n a re a o I cove r- 
age for a sprinkler (A J shall be in accordance with the value 
indicated in Table 8.12.2.2.1. 

8.12.2.2.2 Unless th e re q ti i re m e n ts of 8.12.2.2.3 a re me t, th e 
m axi tn urn a rea of c o ve rage of a n y sp r i n k I e r s h a 1 1 no t exce e d 
.1.00 ft- (9.3 m 2 ). 

8.12.2.2.3* Itshall be p e nn i tied to d e via te fro m th e m axi m u m 
sprinkler spacing to eliminate obstructions created by trusses 
and bar joists by moving a sprinkler along the branch line a 
m ax i m u m of 1 ft ( . 3 1 m ) from i ts a 1 Iowa b 1 e s pac i n g pro vi d e d 
coverage for that sprinkler does not exceed 110 ft" (10.2 nr) 
pe r spri n kle r wh e re a 1 1 of th e fo 1 f o wi 1 1 g concl i tions are m e t: 

(1) The average actual floor area protected by the moved 
sprinkler and the adjacent sprinklers does not exceed 
100.fr (9.3 nr). 

( 2 ) Ad j ace n t bra n c h Jin es sh a 1 1 1 n ai n tai n th e sa m e patte r n . 

(3) In no case shall the distance between sprinklers exceed 
12 ft (3.7 m). 



2002 Edition 



INSTALLATION REQUIREMENTS 



13-67 



Ceiling 



A 



Not less 
than 18 in. 

(457 mm) 



£ 







24 in. (610 mm) 
maximum 




>24 in. (610 mm) 




Obstruction 


W$bs$Mb8e&IM 


Wmmm 


1 






y 2 $ 


. <12in. j 

< > 

(305 mm) 


Centerline 

V2S 



























Top of storage 



FIGURE 8.11.5.3.4 Obstruction More Than 24 in. (610 mm) Below the Sprinkler (Large Drop Sprinkler). 



W/////////////////^^^^^^ 



Ceiling 



A 



Not less 
than 36 in. 

(914 mm 





FIGURE 8.11.5.3.5 Obstruction More Than 36 in. (914 mm) 
Below the Sprinkler (Large Drop Sprinkler) . 

8.12.2.2.4 Wh e re b 1 an c h 1 i n es are pa rail e 1 to t russe s and bar 
j o i s ts i t s h a .1 1 b e p e r m i t te d to d e v i a te fro m them ax i m 11 m s p r in- 
kier spacing to eliminate obstructions created by trusses and 
bar joists by moving a single branch line a maximum of I ft 
(0.31 m ) fro m i ts all o vvab 1 e spacing p r o v i d e d c o ve rage f o r tl 1 e 
sprinklers on that branch line and the sprinklers on the 
branch line it is moving away from does not exceed 110 ft~ per 
sprinkle r wh e re a .1 1 o f th e fo 1 1 owi n g co n d i ti o n s are m e t: 

( 1 ) The ave rage ac tu a 1 fl o o r are a p r o tec te d by the s p r inkle r s 
on the moved branch line and the sprinklers on the adja- 
cent branch lines does not exceed 100 ft L per sprinkler. 

(2) In no case shall the distance between sprinklers exceed 
12ft (3.7 m). 



(3) It shall not be permitted to move a branch line where 
there are moved sprinklers on a branch line that exceed 
the maximum sprinkler spacing. 

8.12.2.3 Minimum Protection Area of Coverage. The mini- 
mum allowable protection area of coverage for a sprinkler (A J 
shall be not less than 80 fr (7.4 nr). 

8.12.3 Sprinkler Spacing (Early Suppression Fast-Response 
Sprinklers). 

8.12.3.1 Maximum Distance Between Sprinklers. The maxi- 
m u m d is tan ce be twe e n s p r i n k 1 e rs s 1 1 a 1 1 be i 1 1 a c c o rd an c e w i th 
the following: 

(1) Where the storage height is less than or equal to 25 It 
(7.6 m) and the ceiling height is less than or equal to 
30 ft (9.1 m), the distance between sprinklers shall be 
1 i m i ted to n o t m o re th a n 1 2 ft (3.7 111 ) be twee n s p r i n - 
klers as shown in Table 8.12.2.2.1. 

( 2 ) Unless th e req u i re m en ts o f 8 . 1 2 . 3 . 1 ( 3 ) are m e t, wh e 1 e th e 
s to rage height exceeds 25 ft (7.6 m) and ceiling height ex- 
ceeds 30 ft (9.1 m), the distance between sprinklers shall be 
limited to not more than 10 ft (3 m) between sprinklers. 

(3) * Regardless of the storage or ceiling height arrangement, it 

shall be permitted to deviate from the maximum sprinkler 
spacing to eliminate obstructions created by trusses and bar 
joists by moving a sprinkler along the branch line a maxi- 
mum of 1 ft (0.31 m) from its allowable spacing provided 
coverage for that sprinkler does not exceed 1 1 fr ( 1 0.2 irr) 
where all of the following conditions are met: 

(a) The average actual door area protected by the moved 
sprinkler and the adjacent sprinklers shall not exceed 
100 ft- (9.3 nr). 

( b ) Adj ace n t b ran c h 1 i n es shal 1 in ai n tai n th e sa 1 n e pat te r n . 

(c) In no case shall the distance between sprinklers ex- 
ceed 12 ft (3.7 m). 
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Table 8.12.2.2.1 Protection Areas and Maximum Spacing of ESFR Sprinklers 



Ceiling/Roof Heights up to 30 ft (9.1 m) 



Ceiling/Roof Heights over 30 ft (9.1 m) 



Construction Type 



Protection Area 



ft 2 



Spacing 



ft 



Protection Area 



ft 2 



Spacing 



ft 



Noncombustible 
u nobs true ted 
Noncombustible obstructed 
Combustible unobstructed 
Co m bu s t i b 1 e o bs tin c ted 



100 



9,3 



12 



3.7 



100 



9.3 



10 



3.1 



100 9.3 

100 9.3 

N/A 



12 3.7 

12 3.7 

N/A 



J 00 9.3 

100 9.3 

N/A 



10 3.1 

10 3.1 

N/A 



(4) Where branch lines are parallel to trusses and bar joists it 
shall be permitted to deviate from the maximum sprin- 
kler spacing to eliminate obstructions created by trusses 
and bar joists by moving a single branch line a maximum 
of 1 ft (0.31 m) from its allowable spacing provided cover- 
age for the sprinklers on that branch line and the sprin- 
klers on the branch line it is moving away from does not 
exceed .1.10 iv per sprinkler where all of the following 
conditions are met: 

(a) The average actual floor area protected by the sprin- 
klers on the moved branch line and the sprinklers on 
the adjacent branch lines shall not exceed 100 ft 2 per 
sprinkler. 

(b) In no case shall the distance between sprinklers ex- 
ceed 12 ft (3.7 m). 

(c) It shall not be permitted to move a branch line where 
there are moved sprinklers on a branch line that ex- 
ceed the maximum sprinkler spacing. 

8.12.3.2 Maximum Distance from Walls. The distance from 
sprinklers to walls shall not exceed one-half of the allowable 
distance permitted between sprinklers as indicated in 
Table 8.12.2.2.1. 

8.12.3.3 Minimum Distance from Walls. Sprinklers shall be 
located a minimum of 4 in. (102 mm) from a wall. 

8.12.3.4 Minimum Distance Between Sprinklers. Sprinklers 
shall be spaced not less than 8 ft (2.4 m) on center. 

8.12.4 Deflector Position (Early Suppression Fast-Response 
Sprinklers). 

8. 1 2.4. 1 Distance Below Ceilings. 

8.12.4.1.1 Pendent sprinklers with a nominal K-factor of 14 
shall be positioned so that deflectors are a maximum 14 in. 
(356 mm) and a minimum 6 in. (152 mm) below the ceiling. 

8.12.4.1.2 Pe n d e n t sp r i n kl e rs wi th a n om in a) K-fac tor of 25 . 2 
shall be positioned so that deflectors are a maximum 18 in. 
(457 mm) and a minimum 6 in. (152 mm) below the ceiling. 

8.12.4.1.3 U p r i ght sp ri n k 1 e rs wi th a nomin al K-fac to r of 11.2 
shall be positioned so that the deflector is 3 in. to 5 in. (76 mm 
to 127 mm) below the ceiling. 

8.12.4.1.4 Upright sprinklers with a nominal K-factor of 14 
shall be positioned so that the deflector is 3 in. to 12 in. 
(76 mm to 304 mm) below the ceiling. 

8.12.4.1.5 With obstructed construction, the branch lines 
shall be permitted to be installed across the beams, but sprin- 
klers shall be located in the bavs and not under the beams. 



8.12.4.2 Deflector Orientation. Deflectors of sprinklers shall 
be aligned parallel to ceilings or roofs. 

8.12.5 Obstructions to Sprinkler Discharge (Early Suppres- 
sion Fast-Response Sprinklers). 

8.12.5.1 Obstructions at or Near the Ceiling. 

8.12.5.1.1 Sprinklers shall be arranged to comply with 
Table 8.12.5.1.1 and Figure 8.12.5.1.1 for obstructions at 
the ceiling such as beams, ducts, lights, and top chords of 
trusses and bar joists. 



Table 8.12.5.1.1 Positioning of Sprinklers to Avoid 
Obstructions to Discharge (ESFR Sprinkler) 



Maximum Allowable 
Distance of Deflector 

above Bottom of 
Obstruction (in.) (B) 



Distance from Sprinkler to 
Side of Obstruction (A) 



Less than 1 ft 





1 ft to less than 1 ft 6 in. 


1 Vi 


1 ft 6 in. to less than 2 ft 


3 


2 ft to less than 2 ft 6 in. 


5'/2 


2 ft 6 in. to less than 3ft 


8 


3 ft to less than 3 ft 6 in. 


10 


3 ft 6 in. to less than 4 ft 


12 


4 ft to less than 4 ft 6 in. 


15 


4 ft 6 in. to less than 5 ft 


18 


5 ft to less than 5 ft 6 in. 


22 


5 ft 6 in. to less than 6 ft 


26 


6 ft 


31 



For SI units, 1 in. - 25.4 mm; 1 ft = 0.3048 m. 
Note: For (A) and (B), refer to Figure 8.12.5.1.1. 



8.12.5.1.2 The requirements of 8.12.5.1.1 shall not apply 
where sprinklers are spaced on opposite sides of obstructions 
less than 24 in. wide provided the distance from the centerline 
on the obstructions to the sprinklers does not exceed one-half 
the allowable distance between sprinklers. 

8.12.5.1.3 Sprinklers with a special obstruction allowance 
shall be installed according to their listing. 

8.12.5.2* Isolated Obstructions Below the Elevation of Sprin- 
klers. Sprinklers shall be arranged with respect to obstructions 
in accordance with one of the following: 
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FIGURE 8.12.5.1.1 Positioning of Sprinklers to Avoid Ob- 
structions to Discharge (ESFR Sprinkler). 



(1) Sprinklers shall be installed below isolated noncontinu- 
ous obstructions that restrict only one sprinkler and are 
located below the elevation of sprinklers such as light fix- 
tu res a n d u n i t h eaters . 

(2) Additional sprinklers shall not be required where the ob- 
struction is 2 ft (0.6 m) or less in width and the sprinkler is 
1 oca ted h o ri zo n tal 1 y 1 ft ( . 3 m ) o r g re ate r from the near- 
est edge of the obstruction. 

(3) Additional sprinklers shall not be required where sprin- 
klers are positioned with respect to the bottom of obstruc- 
tions in accordance with 8.12.5.1. 

(4) Additional sprinklers shall not be required where the ob- 
struction is 2 in. (51 mm) or less in width and is located a 
minimum of 2 ft (0.6 m) below the elevation of the sprin- 
kler deflector or is positioned a minimum of 1 ft (0.3 m) 
horizontally from the sprinkler. 

(5) Sprinklers with a special obstruction allowance shall be 
installed according to their listing. 

8.12.5.3 Continuous Obstructions Below the Sprinklers. 

8.12.5.3.1 General Continuous Obstructions. Sprinklers shall 
be arranged with respect to obstructions in accordance with 
one of the following: 

(1) Sprinklers shall be installed below continuous obstruc- 
tions or they shall be arranged to comply with Table 
8.12,5.1.1 for horizontal obstructions entirely below the 
elevation of sprinklers that restrict sprinkler discharge 
pattern for two or more adjacent sprinklers such as ducts, 
lights, pipes, and conveyors. 

( 2 ) Ad d i ti o n al s p ri n kl e rs shal 1 n o t be req u i red wh e re t h e o l> 
struction is 2 in. (51 mm) or less in width and is located a 
m i n i m u m o f 2 ft ( . 6 m ) be 1 o w th e e 1 e va ti o n of th e sp ri n - 
kl e r d e 11 e c to r o r i s pos i ti o n ed a m i n i m u m of 1 ft (0.3 m ) 
h o ri zon tal ly fro m th e s p ri n kl e r. 

( 3 ) Ad d i tio n al s p ri n kl e rs shal 1 n o t be req u i red whe re th e ob- 
struction is 1 ft (0.3 m) or less in width and located a 
minimum of 1 ft (0.3 m) horizontally from the sprinkler. 

( 4 ) Ad d i ti o n al s p ri n k 1 e rs sh al 1 n o t be req u i re d wh e re th e o lo- 
st ruction is 2 ft (0.6 m) or less in width and located a 
mini m u m o f 2 ft (0.6 m ) h o r i z o n ta 1 ly fro m th e s p ri n k I e r. 

(5) Ceiling sprinklers shall not be required to comply with 
Table 8.12.5.1.1 where a row of sprinklers is installed un- 
der the obstruction. 



8.12.5.3.2 Upright Sprinklers. 

8.12.5.3.2.1 Upright sprinklers shall be installed on sprigs 
arranged so that the deflector is a minimum of 7 in. ( 1 78 nun) 
above the top of the sprinkler pipe. 

8.12.5.3.2.2 K-11.2 upright sprinklers shall be permitted to 
be installed on sprigs arranged so that the deflector is a mini- 
mum of 7 in. (178 mm) above the top of the sprinkler pipe. 

8.12.5.3.3 Bottom Chords of Bar Joists or Open Trusses. 

E SFR s p ri n kl e rs s h a 1 1 be p os i ti o n e d a mini m u m o f 1 ft; ( . 3 in ) 
horizontally from the nearest edge to any bottom chord of a 
bar j o is t o r ope n tr u ss . 

8.12.5.3.4 Open Gratings. Sprinklers installed under open 
gratings shall be of the intermediate level /rack storage type or 
o t h e rwi s e s h i e I d e d fro m t h e cl i s c h a i ge o f o ve r h e ad s p r i n k 1 e rs . 

8.12.5.3.5 Overhead Doors. Quick response spray sprinklers 
shall be permitted to be utilized under' overhead doors. 

8.12.5.3.6 Special Obstruction Allowance. Sprinklers with a 
special obstruction allowance shall be installed according to 
their listing. 

8.12.6 Clearance to Storage (Early Suppression Fast- 
Response Sprinklers). The clearance between the deflector 
and the top of storage shall be 36 in. (914 mm) or greater. 

8.13 In-Rack Sprinklers. 

8.13.1 System Size. The area protected by a single system of 
sprinklers in racks shall not exceed 40,000 ft* 2 (3716 u\") of 
floor a rea oc cu p ie d by th e racks , i n c 1 u d i n g a i s 1 es , rega rd 1 ess o 1 
the number of levels of in-rack sprinklers. 

8.13.2 Type of In-Rack Sprinklers. 

8.13.2.1 Sprinklers in racks shall be ordinary-temperature 
standard-response or quick-response classification with a 
nominal K- factor of 5.6 or 8.0, pendent or upright. 

8.13.2.2 Sp ri n k 1 e rs w i th i n te rm e d i a te- a n d h i gh -tern p e ra tu re 
ratings shall be used near heat sources as required by 8.3.2. 

8.13.3 In-Rack Sprinkler Water Shields. 

8.13.3.1 In-Rack Sprinkler Water Shields for Storage of Class 
I through IV Commodities. Water shields shall be provided di- 
rectly above in-rack sprinklers, or listed intermediate level /rack 
storage sprinklers shall be used where there is more than one 
1 evel , i f not sh i el ded by h o ri zo n tal bar r i e rs . (See Section C. 3. ) 

8.13.3.2 In-Rack Sprinkler Water Shields for Plastic Storage. 

Whe re in-rack s p r i n kle rs a re n o (shield ed by h o r i zo n ta 1 ba r r i - 
ers, water shields shall be provided above the sprinklers, or 
1 is ted in te rm e d i ate le ve 1 / ra c k s to rage s p r i n k 1 e rs s h al I be u se d . 

8.13.4 Location, Position, and Spacing of In-Rack Sprinklers. 

See Section '12.3. 

8.13.5 Obstructions to In-Rack Sprinkler Discharge. In-rack 
sprinklers shall not be required to meet the obstruction crite- 
ria a n d c 1 e a r a n c e fro n i storage r e q u i r e m e n ts a f S e c t i o n 8 . 5 . 

8.14 Special Situations. 
8.14.1 Concealed Spaces. 

8.14.1.1 Concealed Spaces Requiring Sprinkler Protection. 

All concealed spaces enclosed wholly or partly by exposed 
combustible construction shall be protected by sprinklers ex- 
cept i n co n c e a 1 e d s p a c e s w h e re sprinkle is a re not require d to 
be installed by 8.14. 1 .2. 1 through 8. 1 4. 1 .2. 15. 
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8. 14. 1 .2* Concealed Spaces Not Requiring Sprinkler Protection. 

8.14.1.2.1 Noncombustible and limited combustible con- 
cealed spaces with no combustible loading having no access 
shall not require sprinkler protection. The space shall be con- 
sidered a concealed space even with small openings such as 
tli ose use d a s re tt i r n a i i • id i: a pi e n u in . 

8. 14. 1 .2.2 Noncom bnstible and 1 i miteci combustible concealed 
s paces w i th 1 i m i ted access a n d n o t pe rm i Ui n g occ u pa n cy o r s tor- 
age of co n i b u s ti bl es s h a 1 1 n o t req ti i re spri n k 1 er p ro tec ti on . The 
space shall be considered a concealed space even with small 
openings such as those used as return air for a plenum. 

8.14.1.2.3 Concealed spaces formed by studs or joists with 
less than 6 in. (152 mm) between the inside or near edges of 
the studs or joists shall not. require sprinkler protection. (See 
Figure 8.6.4. L 5. 1.) 

8.14.1.2.4 Concealed spaces formed by bar joists with less 
than 6 in. (.1.52 mm) between the roof or floor deck and ceil- 
i n g s h all ) i o t; i e q u i re sp ri n k 1 er p rote c ti o n . 

8.14.1.2.5 Concealed spaces formed by ceilings attached di- 
rectly to o r w i 1 1 li n 6 in. (.152 mm) o f wo o d joist con s tr u c ti o n 
s 1 1 a 11 not require s p r i n k 1 e r p r o t e c ti o n . 

8.14.1.2.6* Concealed spaces formed by ceilings attached to 
composite wood joist construction either directly or onto metal 
channels not exceeding 1 in. in depth, provided the joist chan- 
nels are fires topped into volumes each not exceeding 160 ft' 
(4.53 nr 1 ) using materials equivalent to the web construction and 
at least V/i in. ofbatt insulation is installed at the bottom of the 
j oi st c h an n els wh e n th e ceil i n g i s attached u ti 1 i zin g me Lai ch an- 
nels, shall not require sprinkler protection. 

8.14. 1 .2.7 Co n cea 1 ed spaces e n ti re ly Jl 1 1 ed wi th n on com bus- 
tible i n s u 1 alio i i s ha 1 1 n o t req u i re s p r i n. k 1 e r p r o tec ti o n . 

8. 14. 1 . 2.8 Con cealed spaces wi th i n wood joist construction an d 
com pos i te wood j oi st co n s tru c tio n h a vi n g n on co m bus tibl e insu- 
lation lilling the space from the ceiling up to the bottom edge of 
the joist of tlte roof or floor deck, provided that in composite 
wood joist construction the joist channels are firestopped into 
volumes each not exceeding .1 60 ft' (4.53 nr') to the full depth of 
the joist with material equivalent to the web construction, shall 
n ot req u i re spri n k 1 e r p ro tec ti o n . 

8.14.1.2.9 Concealed spaces over isolated small rooms not 
exceeding 55 ft" (4.6 m~) in area shall not require sprinkler 
protection. 

8.14.1.2.10 Concealed spaces where rigid materials are used 
and the exposed surfaces have a flame spread rating of 25 or 
less and the materials have been demonstrated not to propa- 
gate fire in the form in which they are installed shall not re- 
quire sprinkler protection. 

8.14.1.2.11 Con cea Led spa ces i n wh ic h th e exposed mate rials 
a re c o n s t r u c te d e n ti re 1 y of fi re-re t a rda n t tre a te d wood as de- 
fined by NFPA 703, Standard for lire. Retardant impregnated, Wood, 
and Fire Retardant Coatings for Building Materials, shall not re- 
quire sprinkler protection. 

8.14.1.2. 1 2 Noncom bnstible concealed spaces having exposed 
combustible insulation where the heat content of the facing and 
substrate of the insulation material does not exceed 1000 Btu/fr 
(1 1,356 kj/tn") shall not require sprinkler protection. 

8.14.1.2.13 Con cea 1 ed s paces bel ow i n s u la ti on that is laid di- 
rectly o n to p o f o r w i th i n th e cellin g j o is ts i n a n o th e rwise 
s p r i n k 1 e r e d a t tic s hall j i o t re qui re s p r i n kl . e r p r o lectio n . 



8.14.1.2.14 Ve r ti cal p i pe chas es u n de r 1 ft" (0.9 3 rn '" ) , wh e re 
provided that in nmltifloor buildings the chases are fire 
stopped at each floor using materials equivalent to the floor 
construction, and where such pipe chases shall contain no 
s our c es of i gn i ti o n , pi pi n g s h all be n on com bu s ti bl e , an d pipe 
penetrations at each floor shall be properly sealed and shall 
n o t re q u i re s p r i n k 1 e r p r o te c t i o n . 

8.14.1.2.15 Ex te ri o r coin m n s u n d e r 1 If" i n a re a forme d by 
studs or wood joist, supporting exterior canopies that are fully 
protected with a sprinkler system, shall not require sprinkler 
protection. 

8.14.1.3 Concealed Space Design Requirements. Sprinklers 
i n c on cea 1 e d spaces h a vi n g n o ac c ess fo r s to ra ge o r o th e r use 
shall be installed in accordance with the requirements for 
light hazard occupancy. 

8.14.1.4 Heat Producing Devices with Composite Wood Joist 

Construction . Wh e re h eat-p rod u c i n g d e vices s u c h as f u rn aces 
o r p roc ess e q ui pin e n t are 1 oca te d i n the j o i s t; ch an n e 1 s above a 
ceiling attached directly to the underside of composite wood 
joist construction that would not otherwise require sprinkler 
p ro te c ti o n of the s pac es, th e j o is t ch a n n e 1 co n tai n i n g th e h ea t- 
p roducin g devices shall be spri nkl ered by i nstal I i n g sp rin kl e is 
in each joist channel, on each side, adjacent to the heat- 
p r o d u c i n g d e v ice. 

8.14.1.5 Localized Protection of Exposed Combustible Con- 
struction or Exposed Combustibles. In concealed spaces hav- 
ing exposed combustible construction, or containing exposed 
com bu s ti bl e s , i n 1 oca 1 i zed a reas , th e co m b u s ti b 1 es s h al 1 be p ro- 
tected as follows: 

( 1 ) If the exposed com b u s ti b 1 e s are i n th e ve r ti ca 1 p a r ti ti on s 
or walls around all or a portion of the enclosure, a single 
row of sprinklers spaced not over 12 ft (3.7 m) apart nor 
more than 6 ft (1.8 m) from the inside of the partition 
shall be permitted to protect the surface. The first and last 
sprinklers in such a row shall not be over 5 ft (1.5 m) from 
the ends of the partitions. 

(2) If the exposed combustibles are in the horizontal plane, the 
area of the combustibles shall be permitted to be protected 
wi th s p r i n kl e rs on a I i g h t h azard s p a c in g . Ad cli ti o n al sp rin - 
klers shall be installed no more than 6 ft (1.8 m) outside the 
outline of the area and not more than 12 ft (3.7 in) on cen- 
ter along the outline. When the outline returns to a wall or 
other obstruction, the last sprinkler shall not be more than 
6 ft (1.8 m) from the wall or obstruction. 

8.14.1.6* Sprinklers used in horizontal combustible con- 
cealed spaces (with a slope not exceeding 2 in 12) having a 
co m bu s ti b 1 e up p e r su rface w he re the a sse m bl y or su p p o r ti n g 
members channel heat and where the depth of the space is 
less than 36 in. from deck to deck or with double wood joist 
construction with a maximum of 36 in. between the top of the 
bottom joist and the bottom of the upper joist shall be listed 
for such use. 

8.14.2 Vertical Shafts. 

8.14.2.1 General. Unless th e req u i rem e n ts of 8 . 1 4.2. 1 . 1 or 
8.14.2.1.2a re m e t , o n e sp ri n k l.e r s h a 11 be i n s la 1 1 e cl at t h e top 
of shafts. 

8.14.2.1.1 Noncombustible or limited-combustible, nonacces- 
s ib 1 e ve r ti cal ducts h af ts s h a 1 1 n o t requ i re spri j i kl e r p ro te c ti o n . 

8.14.2.1.2 N o n co m bus ti b 1 e o r 1 i m i te d-com b us ti bl e , n o n ac- 
cess! ble vertical electrical or mechanical shafts shall not re- 
quire sprinkler protection. 
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8.14.2. 2* Shafts with Combustible Surfaces. 

8.14.2.2.1 Where vertical shafts have combustible surfaces, 
one sprinkler shall be installed at each alternate floor level. 

8.14.2.2.2 Where a shaft having combustible surfaces is 
t r a p p e d , a n ad did o n a 1 sprinklers h a 1 1 b e i n s ta lied a 1 1 h e to p o f 
each trapped section. 

8.14.2.3 Accessible Shafts with Noncombustible Surfaces. 

Where accessible vertical shafts have noncombustible sur- 
fac es , o n e sprinkle r sh a 1 1 be i n s ta 1 1 ed n ea r th e bo t torn . 

8.14.3 Stairways. 

8.14.3.1 Combustible Construction. Sprinklers shall be in- 
stalled beneath all stairways of combustible construction. 

8.14.3.2 Noncombustible Construction. 

8.14.3.2.1 In noncombustible stair shafts with noncombus- 
tible stairs, sprinklers shall be installed at the top of the shaft 
a n d u n d e r th e fi is 1 1 a n d i n g above th e bo tto rn o f th e sh aft. 

8.14.3.2.2 Where noncombustible stair shafts are divided by 
wal Is o r d oo rs , s p r i nkl e rs s h a 1 1 be p ro vi ded o n e ac h side of th e 
separation. 

8.14.3.2.3 Sprinklers shall be installed beneath landings or 
stairways where the area beneath is used for storage. 

8.14.3.3* Stairs Serving Two or More Fire Divisions. Sprinklers 
shal 1 b e i ns ta 1 led i n th e s ta i r s h a ft a t e ac h ft oo r 1 an d i n g wh e re 
two or more doors open from that landing into separate fire 
divisions. 

8.14.4* Vertical Openings. 

8.14.4.1 General. Unless the requirements of 8.14.4.4 or 
8 . 1. 4.4.5 are m e t, wh e re m ovi n g sta i rways , stai rcases, o r si m ilar 
floor openings are unenclosed, the floor openings involved 
s h a 1 1 b e p r o te c te d by c 1 o s e 1 y s p a . c e d s p r i n k 1 e r s i n com b i n a ti o n 
w i th d raft s to ps i n ac co rd an c e wi th 8.14.4.2 a nd 8.14.4. 3 . 

8.14.4.2 Draft Stops. Draft stops shall meet all of the following: 

( 1 ) Th e d raft s to ps sh al 1 be 1 oca te d i in in ed iately ad j ace n t to 
the opening. 

( 2 ) T h e d r a ft s to p s s h a 1 1 b e a 1 1 e as 1 1 .8 i n . (457mm) deep. 

(3) The draft stops shall be of noncombustible or limited- 
combustible material that will stay in place before and 
duringsprinkler o p e ra t; i o n . 

8.14.4.3 Sprinklers. 

8.14.4.3.1 Sprinklers shall be spaced not more than 6 ft 
(1.8 m) apart and placed 6 in. to 12 in. (152 nun to 305 mm) 
from the draft stop on the side away from the opening. 

8.14.4.3.2 Wh ere sp ri n kl e rs are c 1 ose r th an 6 ft (1.8 m ) , c ross 
ba files s h al 1 be p rovi d e d i n ac co rd an c e wi th 8.6.3.4.2. 

8.14.4.4 Large Openings. Closely spaced sprinklers and draft 
stops are not required around large openings such as those 
found in shopping malls, atrium buildings, and similar struc- 
tures where all adjoining levels and spaces are protected by 
automatic sprinklers in accordance with this standard and 
where the openings have all horizontal dimensions between 
opposite edges of 20 ft (6 m) or greater and an area of 1000 ft 2 
( 9 3 m l ) o r g reate r. 



8.14.4.5 Convenience Openings in Individual Dwelling Units. 

Draft stops and closely spaced sprinklers are not required for 
convenience openings within individual dwelling units that 
meet all of the following criteria: 

( 1 ) Such op e n i n gs s h a 1 1 c o n n e c t a m a x i m um o f two a el j ace n t 
stories (pierce one floor only). 

(2)*Such openings shall be separated from unprotected verti- 
cal ope n i n g s s e rvi n g o tl i e r 11 oo rs by a ba rri e r wi th a fi re 
resistance rating equal to that required for enclosure of 
floor openings by NFPA 101®, Life Safely CodP. 

(3) Such openings shall be separate from corridors. 

( 4 ) Sue h open i n gs sh al 1 n o t se rve as a requ i red rn ea n s of egress , 
although they can serve as a required means of escape. 

8.14.5 Elevator Hoistways and Machine Rooms. 

8.14.5.1*Sid ewa lisp ray s p ri n kle rs shall be i n s tal 1 e d at th e bo t- 
to m of each el e vato r h o i s tway n o t; mo re t h a n 2 ft ( . 6 1 m ) 
above the floor of the pit. 

8.14.5.2 Tli e spri n kl e r req u i red at the bottom o f th e el evato r 
hois tway by 8.1.4.5.1 shall not be required for enclosed, non- 
combustible elevator shafts that do not contain combustible 
hydraulic fluids. 

8.14.5.3* Au to m a ti c s p r i n k 1 e rs i i i c 1 e va to r m ac 1 1 i n e too m s o r 
at the tops of hoistways shall be of ordinary- or i titer media te- 
te m pe ra tu re rati n g . 

8.14.5.4* Upright or pendent spray sprinklers shall be in- 
s tal 1 ed a t th e to p o f el e va to i ■ h o i s tways . 

8.14.5.5 The sprinkler required at the top of the elevator 
hois tway by 8 . 1 4 . 5 . 4 s h all n o t be re qu i reel w 1 1 e re th e h e> i s tway 
for passenger elevators is noncombustible an el the car- enclo- 
s u re m a te i i al s m e e t th e req u i re m e n ts o f AS ME A 1 7 . 1 , Safety 

Code for Elevators and Escalators, 

8.14.6 Spaces Under Ground Floors, Exterior Docks, and 
Platforms. 

8.14.6.1 U n 1 ess th e re q u i re n le n ts o f 8 . 1 4. 6 . 2 a re in e t, s p r i n - 
k 1 e rs s hall be i n s tal 1 ed i n s pac es 1 1 n d e r al 1 co m bi i s ti bl e g rot i n el 
floors, exterior docks, and platforms. 

8.14.6.2 Sprinklers shall be permitted to be omitted from 
spaces under ground floors, exterior docks, and plat (onus 
where all of the following conditions prevail: 

(.1.) The space is not accessible for storage purposes and is 
p r o tec l eel aga i n s t ace 1 1 m u 1 a ti o 1 1 o f w i n d-bo vn e el eb r i s . 

(2) The space contains no equipment such as conveyors or 
f i.i e 1-fi reel h ea ti n g r i n i ts . 

( ?> ) Th e 11 oo r ove r th e s pa c e i s o f ti gh t co n s tr u c ti o n . 

(4) No combustible or 1.1a mm able liquids or materials that 
u n de r fi re: co n el i ti o n s wo u 1 d c o n ve r t in to c o m b 1 1 s ti b 1 c o i * 
(lam rn able liquids are processed, handled, or stored on 
the floor above the space. 

8.14.7* Exterior Roofs or Canopies. 

8.14.7.1* Unless the requirements of 8.14.7.2 or 8.14.7.3 are 
met, sprinklers shall be installed under exterior roofs or cano- 
pies exceeding 4 ft (1.2 rn) in width. 

8.14.7.2 Sprinklers shall be permitted to be omitted where 
the canopy e>r roof is of noncombustible or limited combus- 
tible construction. 
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8.14.7.3 Sprinklers shall be permitted to be omitted from 
ex te ri o r exi t co r r i d o i s w h e n th e e x te r i or wa lis of the corr id o r 
are at least 50 percent, open and when the corridor is entirely 
of noncombnstible construction. 

8.14.7.4* Sprinklers shall be installed under roofs or canopies 
over areas where combustibles are stored and handled. 

8.14.8 Dwelling Units. 
8.14.8.1 Bathrooms. 

8.14.8.1.1 Unless sprinklers are required by 8.14.8.1.2 or 
8.14.8.1.3, sprinklers shall not be required in bathrooms that are 
located within dwelling units, that do not exceed 55 ft 2 (5.1 m 2 ) 
in area, and that have walls and ceilings of noncombnstible or 
1 i m i ted-co m b lis ti b 1 e m a te ri a Is wi th a 1 5-min n te the rmal barri e r 
i a ti n g i n clu el i n g th e wa 1 1 s a n d ce i 1 in gs be h i nd fixtures . 

8.14.8.1.2 Sp ri n k 1 e is s h a 11 be re q n i red i n bath room s of n u rs- 
ing homes, as defined in NFPA 101, Life Safety Code. 

8.14.8.1.3 Sprinklers shall be required in bathrooms opening 
directly onto public corridors or exitways. 

8.14.8.2* Closets and Pantries. Sprinklers are not required in 
clothes closets, linen closets, and pantries within dwelling 
units in hotels and motels where the area of the space does not 
ex ce e d 2 4 ft" (2.2 m " ) , th e I e as t d i m en si o n d oes n o t exceed 
3 ft ( . 9 in ) , a n d tl i e wa 1 1 s a n d c:eili n gs a re s u rf a ce d wi th n on- 
combustible or limited-combustible .materials. 

8.14.9 Library Stack Rooms. Sprinklers shall be installed in 
accordance with one of the following: 

( 1 ) S p r i n k 1 e is s h al 1 be pe i m i tte d to be ins tal 1 e d wi th o u t re- 
gard to aisles where there is .18 in. (457 mm) or more 
clearance between sprinkler deflectors and tops of racks. 

(2) Where the 18 in. (457 mm) clearance between sprinkler 
deflectors and tops of racks cannot be maintained, sprin- 
klers shall be installed in every aisle and at every tier of 
s ta c k s w i t h d i s ta n c e b e twe e n s p r i n k I e r s al o n g a isles not te> 
exceed 12 ft (3.7 m) in accordance with Figure 8.14.9(a). 

( 3 ) W h e re th e 1 8 i n . ( 45 7 m m ) c 1 ea ra n ce be twe en sp ri n k 1 e r 
deflectors and tops of racks cannot be maintained and 
w 1 i e i *e ve r t i c: al s h e I f el i vi el e rs a re i n c e> m p 1 e te a nd all o w wa- 
ter distribution to adjacent aisles, sprinklers shall be per- 
mittee! to be omitted in alternate aisles on each tier, and 
where ventilation openings are also provided in tier 
floors, sprinklers shall be staggered vertically in accor- 
el a nee w i th Fi g u re 8 . 1 4 .9(b). 

8.14.10 Electrical Equipment. 

8.14.10.1 U n 1 ess th e req u i re m e n ts of 8.14.1 . 3 are m e t, sp rin- 
kler protection shall be required in electrical equipment rooms. 

8.14.10.2 Hoods or slue Ids in stall eel to pre) tee t important 
e 1 e c t r i c a 1 e q u i p m cut: f : r e> m s p r i nklerdisch a r g e s h a 11 be n o n - 
combustible. 

8.14.10.3 S p r i n k 1 e rs s h a 1 i n o t be req u i re d i n e lectrica 1 equip- 
ment rooms where all of the following conditions are met: 

( 1 ) T h e roo m i s el e d i ca te d to e 1 e c trical eq u i p m e n t o n ly, 

( 2 ) On ly el ry- type e 1 ectrica I eq u i pm en t is used . 

(3) Equipment is installed in a 2-hour lire-rated enclosure 
i n c 1 1 1 d i n g p ro te c ti o n f o r p e ne tra ti o ns . 

(4) No combustible storage is permitted to be stored in the 
room. 
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FIGURE 8.14.9(a) Sprinklers in Multitier Library Bookstacks 
with Complete Vertical Dividers. 
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FIGURE 8. 14.9(b) Sprinklers in Multitier Library Bookstacks 
with Incomplete Vertical Dividers. 



8.14.11* Industrial Ovens and Furnaces. 

8.14.12* Open-Grid Ceilings. Open-grid ceilings shall only be 
i n s ta 1 led be n ea th s p ran klers whe re o n e of th e foil o wi n g i s m e t: 

(1) Open-grid ceilings in which the openings are l A in. 

(6.4 mm) or larger in the least dimension, where the 

thickness or depth of the material does ne>t exceed the 

least dimension of the opening, and where such openings 

constitute 70 percent of the area of the ceiling material. 

The spacing of the sprinklers over the open-grid ceiling 

shall then comply with the following: 

(a) In light hazard occupancies where sprinkler spac- 

i n g ( e i th e r s p ray o r o 1 el-s tyl e s p r i n k 1 e rs ) i s 1 e s s t h a n 

10 ft x 10 ft (3 m x 3 m), a minimum clearance of at 

least 18 in. (457 mm) shall be provide el between 
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the sprinkler deflectors and the upper surface of 
the open-grid ceiling. Where spacing is greater 
than 10 fix 10 ft (3 m x 3 m) but less than 10 ft 
x 12 ft (3 m x 3.7 in), a clearance of at least 24 in. 
(610 mm) shall be provided from spray sprinklers 
and at least 36 in. (914 mm) from old-style sprin- 
klers. Where spacing is greater than 10 f t x 12 ft 
(3 m x 3.7 m), a clearance of at least 48 in. 
(1219 mm) shall be provided, 
(b) In ordinary hazard occupancies, open-grid ceilings 
shall be permitted to be installed beneath spray sprin- 
klers only. Where sprinkler spacing is less than 10 ft 
x 10 ft (3 m x 3 m), a minimum clearance of at least 
24 in. (610 mm) shall be provided between the sprin- 
kler deflectors and the upper surface of the open-grid 
ceiling. Where spacing is greater than 10 ft x 10 ft 
(3 m x 3 m), a clearance of at least 36 in. (914 mm) 
shall be provided. 
(2) Other types of open-grid ceilings shall be permitted to be 
installed beneath sprinklers where they are listed for such 
service and are installed in accordance with instructions 
contained in each package of ceiling material. 

8.14.13 Drop-Out Ceilings. 

8.14.13.1 Drop-out ceilings shall be permitted to be installed 
beneath sprinklers where ceilings are listed for that service 
and are installed in accordance with their listings. 

8.14.13.2 Special sprinklers shall not be installed above drop- 
out ceilings unless specifically listed for this purpose. 

8.14.13.3 Drop-out ceilings shall not be considered ceilings 
within the context of this standard. 

8.14.13.4* Piping installed above drop-out ceilings shall not 
be considered concealed piping. 

8.14.13.5* Sprinklers shall not be installed beneath drop-out 
ceilings. 

8.14.14 Old-Style Sprinklers. 

8.14.14.1 Unless required by 8.14.14.2 or 8.14.14.3, old-style 
sprinklers shall not be used in a new installation. 

8.14.14.2* Old-style sprinklers shall be installed in fur stor- 
age vaults. 

8.14.14.3 Use of old-style sprinklers shall be permitted where 
construction features or other special situations require 
unique water distribution. 

8.14.15 Stages. 

8.14.15.1 Sprinklers shall be installed under the roof at the 
ceiling, in spaces under the stage either containing combus- 
tible materials or constructed of combustible materials, and 
in all adjacent spaces and dressing rooms, storerooms, and 
workshops. 

8.14.15.2 Where proscenium opening protection is required, 
a deluge system shall be provided with open sprinklers located 
not more than 3 ft (0.9 m) away from the stage side of the 
proscenium arch and spaced up to a maximum of 6 ft (1.8 m) 
on center. (See Chapter 11 for design criteria.) 

8.14.16 Provision for Flushing Systems. 

8.14.16.1 All sprinkler systems shall be arranged for flushing. 



8.14.16.2 Readily removable fittings shall be provided at the 
end of all cross mains. 

8.14.16.3 Al 1 c ross m ai n s s h al 1 te r m i n a te in I l /i in. (31.8 m m ) 
or larger pipe. 

8.14.16.4 All branch lines on gridded systems shall be ar- 
ranged to facilitate flushing. 

8.14.17 Stair Towers. Stairs, towers, or other construction 
with incomplete floors, if piped on independent risers, shall 
be treated as one area with reference to pipe sizes. 

8.14.18 Return Bends. 

8.14.18.1 Unless the requirements of 8.14.18.3 or 8.14.18.4 
are met, return bends shall be used where pendent sprinklers 
are supplied from a raw water source, a mill pond, or open -top 
reservoirs. 

8.14.18.2 Return bends shall be connected to the top of 
branch lines in orde r to avo i d ace u m u 1 ati o n o f seel i m e n t in 
the drop nipples in accordance with Figure 8.14.18.2. 
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FIGURE 8.14.18.2 Return Bend Arrangement. 

8.14.18.3 Return bends shall not be required for deluge 
systems. 

8.14.18.4 Return bends shall not be required where dry- 
pendent sprinklers are used. 

8.14.19 Piping to Sprinklers Below Ceilings. 

8.14.19.1* In new installations expected to supply sprinklers 
below a ceiling, minimum 1-in. (25.4-mm) outlets shall be 
provided. 

8.14.19.2 The 1-in. (25.4-mm) outlets required by 8.14.19.1 
shall be permitted to utilize hexagonal bushings to accommo- 
date temporary sprinklers and shall be removed with the tem- 
porary sprinklers when the permanent ceiling sprinklers are 
installed. 

8.14.19.3 Revamping of Pipe Schedule Systems. 

8.14.19.3.1 When pipe schedule systems are revamped, a 
nipple not exceeding 4 in. (102 mm) in length shall be permit- 
ted to be installed in the branch line fitting. 

8.14.19.3.2 All piping other than the nipple permitted in 
8.14.19.3.1 and 8.14.19.3.3 shall be a minimum of 1 in. 
(25.4 mm) in diameter in accordance with Figure 8.14.19.3.2. 
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FIGURE 8.14.19.3.2 Nipple and Reducing Elbow Supplying 
Sprinkler Below Ceiling. 

8.14.1 9.3.3 Wh e n i L is n ecessa ry to pi pe two new ceilin g sprin- 
k I e i s 1 1 o in an e xislin g on (1 el in a n ove r h earl sys te n "i , th e use of a 
n i p p I e n o t exec; eel i n g 4 i n . ( 1 02 m m ) i i i I e n gth an d of th e sam e 
pipe thread size: as the existing outlet shall, be permitted, pro- 
vided that a hydr.au lie calculation verifies that the design flow rate 
will be achieved in accordance with Figure 8.14.19.3.3. 



/ 



Main ceiling 



Drop 
nipple 



Reducer 




Nipple 

[4 in. (100 mm) 

maximum length] 

Branch line 



Suspended 
ceiling 



Ceiling plate 



FIGURE 8.14.19.3.3 Sprinklers in Concealed Space and Be- 
low Ceiling. 

8.14.19.3.4 Th e use of pipe n i pples less than I in. ( 25 .4 mm ) in 
diameter shall not: be permitted in areas subject to earthquakes. 

8.14.19.4 Revamping of Hydraulic Design Systems. 

8.14.19.4.1 When hydraulically designed systems are re- 
vamped, any existing bushing shall be removed and a nipple 
not exceeding 4 in. (.102 mm) in length shall be permitted to 
be installed in the branch line tatting. 

8.14.19.4.2 Calculations shall be provided to verify that the 
system design flow rate will be achieved. 

8.14.19.4.3 When it is necessary to pipe two new ceiling sprin- 
kle rs fro m a n ex i s ti n g o u tl e t i n a n overhead sys tem , a ny bush i n gs 



shall be removed and the use of a nipple not exceeding 4 in. 
(102 mm) in length and of the same pipe thread size as the exist- 
ing outlet shall be permitted, provided that a hydraulic calcula- 
tion verifies that the design (low rate will be achieved. 

8.14.19.4.4 The u se of p i pe n ipples 1 ess th a n 1 i n . (25.4 m in ) 
in diameter is not permitted in areas subject to earthquakes. 

8.14.20 Dry Pipe Underground. 

8.14.20.1 Wh e re n e cessa ry to p 1 ace pi pe th at vvi 1 1 be un d e r ai r 
pressure underground, the pipe shall be protected against 
corrosion. 

8.14.20.2 Unp ro tec ted cas t-i ro n o i " d u c ti 1 e-i ro n pipe s ha 11 be 
pe r m i tte d wh e re join ed wi th a gas ke te d j o i n 1 1 i s ted f o r ai r se r- 
vi ce u n d e rgro un d . 

8.14.21* System Subdivision. Wh e re i n d i vi d u a .1 floor/ zo n e co n- 
tro.1 valves are not provided, a flanged joint or mechanical cou- 
pling shall be used at the riser at each floor for connections to 
piping serving floor areas in excess of 5000 ft 2 (465 rn 2 ). 

8.14.22 Spaces Above Ceilings. 

8.14.22.1 W h ere spaces h a ve ce i 1 i n gs th at a re .1 owe r th a n th e 
rest of the area, the space above this lower ceiling shall be 
s p r i n k 1 e re d unless i t c o m p lies wi th th e ru les of 8 . 1 4. 1 . 2 for 
allowable unsprinklered concealed spaces. 

8.14.22.2 Wh e re th e space above: a d ro p ce i 1 i n g is s pri nkle red , 
the sprinkler system shall conform to the rules of 12. 1.13. 

8.15 Piping Installation. 

8.15.1 Valves. 

8.15.1.1* Control Valves. 
8.15.1.1.1* General. 

8.15.1.1.1.1 Each sprinkler system shall be provided with a 
listed indicating valve in an accessible location, so located as to 
control all automatic sources of water supply. 

8.15.1.1.1.2 At least one listed indicating valve shall be in- 
s ta 1 led in each so u ice of wa te r s 1 1 ppl y. 

8.15.1.1.1.3 Th e re q u i re m e n ts of 8 . 1 5 . 1 . 1 .1.2 s h a 1 1 n o t apply 
to th e fi re el e p ar tm e n t c o n n e c tro n , an d th e re:: s h a 1 1 be n o s h u t- 
o ff valve i n th e fi re d e p a r tm en t co n n ec ti o n . 

8.15.1.1.2* Supervision. 

8.15.1.1.2.1 Valves on con n ecti on s to wa te r s u p plies , sec ti on al 
control and isolation valves, and other valves in supply pipes to 
sprinklers and other fixed water-based fire suppression systems 
shall be supervised by one of the following methods: 

(1) Central station, proprietary, or remote station signaling 
service 

(2) Local signaling service that will cause the sounding of an 
a ucl ible si gn al a t a co n s tan tl y a tte n d ed point 

(3) Valves locked in the correct: position 

( 4 ) Valves 1 o c ate: d with i n f e n ce d enc 1 os u res u nek: r th e co n tro 1 
of the owner, sealed in the open position, and inspected 
weekly as part of an approved procedure 

8.15.1.1.2.2 Floor control valves in high-rise buildings and 
valves co n tro 1 1 i n g flow to s p ri n kJ e rs i n c i re ul a ti n g c 1 ose d 1 o op 
systems shall comply with .8.15.1.1 .2.1(1 ) or 8.15J .1.2.1 (2). 

8.15.1.1.2.3 The requirements of 8. 15.1.1 .2. 1 shall not apply 
to underground gate valves with roadway boxes. 
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8.15.1.1.2.4 Wh e re co n tro 1 va 1 ves are i n s tal 1 e cl o ve r h e ad , th ey 
shall be positioned so that the indicating feature is visible from 
the floor below. 

8.15.1.1.3 Check Valves. 

8.15.1.1.3.1 Wh e re th e re is m o re t ban o n e s o u re e of wa te r 
supply, a check valve shall be installed in each connection. 

8.15.1.1.3.2 A listed backflow prevention device shall be con- 
si d e red a c h ec k va 1 ve , an cl a n a d d i ti o n al c h e c; k valve s h a 1 1 n o t 
be required. 

8.15.1.1.3.3 Where cushion tanks are used with automatic 
lire pumps, no check valve is required in the cushion tank 
connection. 

8.15.1.1.3.4 Check valves shall be installed in a vertical or 
ho r i zo n tal pos i ti o n i n ac co rd a n ce w i th th e i r 1 i s ti n g. 

8.15.1.1.3.5* Where a single wet pipe sprinkler system is 
equipped with a fire department connection, the alarm valve 
is co n s i de re d a c h e c k valve , a n d a n ad d i t :i o n a 1 c h ec k va 1 ve sh a 1 1 
not be required. 

8.15.1.1.4* Control Valves with Check Valves. 

8 . 1 5 . 1 . 1 .4 . 1 I n a co n n ec ti o n s e rvi n g a s o n e sou ice o f sup p 1 y, 
listed indicating valves or post-indicator valves shall be in- 
s tal 1 e cl o n bo th sides o f all c h e c k va Ives req u i re cl in 8 . 1 5 . 1 . 1 . 3 . 

8.15.1.1.4.2 Th e req 1 1 i re me n ts o f 8 . 1 5 .1.1.4.1 sh al 1 n o t ap ply 
to the check valve located in the fire department connection 
piping, and there shall be no control valves in the fire depart- 
ment connection piping. 

8.15.1.1.4.3 T h e re q u i re m e n ts o f 8 . 1 5.1. 1 . 4 . 1 s h a 1 1 n o t a p p 1 y, 
where the city connection serves as the only automatic source 
of supply to a wet pipe sprinkler system, a control valve is not 
required on the system side of the check valve or the alarm 
check valve. 

8.15.1.1.5* Gravity Tanks. 

8.15.1.1.5.1 Wh e re a gravi ty tan k i s 1 oca ted o n a towe r i n the 
yard, the control valve on the tank side of the check valve shall 
be an outside screw and yoke or listed indicating valve; the 
other shall be either an outside screw and yoke, a listed in ch- 
eat i n g valve , o r a 1 i s te cl va 1 ve h avi n g a p os t-ty pe indi ca to r. 

8.15.1.1.5.2 Where a gravity tank is located on a building, 
both control valves shall be outside screw and yoke or listed 
i n cl i ca ti n g valves , and al 1 f i tti n gs i n s i d e th e bu i 1 cl i n g ex cep t th e 
drain tee and heater connections shall be under the control of 
a listed valve. 

8.15.1.1.6* Pumps. When a pump is located in a combustible 
pump house or exposed to clanger from fire or falling walls, or 
when a tank discharges into a private fire service main fed by 
an o th e r sti p ply, ei th e r th e ch ec k val ve i n th e co n n ection shal I 
be located in a pit or the control valve shall be of the post- 
indicator type located a safe distance outside buildings. 

8.15.1.1.7* Control Valve Accessibility. All control valves shall 
b e 1 o c a te cl w h e r e re ad i 1 y ac c e ss i b 1 e a n cl f i ' e e o f o b struc ti o n s . 

8.15.1.1.8 Control Valve Identification. Identification signs 
shall be provided at each valve to indicate its function and 
what it controls. 

8. 15.1 .2 Pressure-Reducing Valves. 

8.15.1.2.1 In po i ti o n s of sys te in s wh e re a 1 1 c o m po n e n ts are 

n o 1 1 i s te d f o r p r e s s u r e gre a te r t h a n 17 5 p si (12.1 b a r ) a n d t h e 



p o te n t i al e x i s ts f o r normal ( n o 1 1 1 "i re c o n cl i t i o 1 1 ) wa te r p r e s s 1 1 r e 
i n exce ss of 1 75 ps i (12. 1 ba r ) , a li s te d p ress n re- red n c i n g val ve 
s h a 1 1 be i n s tal 1 e d a n cl se t: fo r a n ou tl e t p i e ss ti re n o t e xc e ed i n g 
I 65 psi ( 2 . 4 bar) a t th e in a x i m u m in! e t: p r ess u re . 

8.15.1.2.2 Pressure gauges shall he installed on the inlet and 
o u tl e t s i d e s o f e a c h p res s n i ore d u c in g va I vc . 

8 . 1 5 . 1 . 2 . 3 * A re I i e f va 1 ve o f n o t 1 ess th a n l A> i n . (13 m m ) in si ze 
shall be provided on the discharge side of the pressure- 
reducing valve set to operate at a pressure not exceeding 
175 psi (12.1 bar). 

8.15.1.2.4 A listed indicating valve shall be provided on the 
i n 1 e t s i d e of eac h p ress u re- r ed u c i n g va 1 ve , unless th e p re ss n re- 
red ticing valve meets the listing requirements for use as an 
indicating valve. 

8.15.1.2.5 Means shall be provided downstream of all 
pressure-reducing valves for flow tests at sprinkler system 
demand. 

8.15.1 .3* Post-Indicator Valves. 

8.15.1.3.1 Post-indicator valves shall be set so that the top of 
the post will be 86 in. (0.9 in) above the final grade. 

8.15.1.3.2 P os t-i n d i cato i ' va 1 ves s 1 i a 1 1 be p ro pe r I y p ro te cte cl 
against mechanical damage where needed. 

8.15.1.4 Valves in Pits. 

8.15.1.4.1 General. Where it is impractical to provide a post- 
indicator valve, valves shall be permitted to be placed in pits 
wi th pe rm i ss i o n of th e a u th o r i ty h av i n g j u i i sd i c ti o n . 

8.15.1.4.2* Valve Pit Construction. 

8.15.1.4.2.1 Wh e n u se cl , va I ve p i ts s h a 1 1 be o f a cl cq u ate size 
a n cl read i 1 y ace ess i b 1 e I b r i n s pe c ti o n , o p e ra ti o n , tes ti n g, m a i n - 
te n a n ce , a n d re m oval o f e q u i pin e n t co n ta i n ed th e r e i n . 

8.15.1.4.2.2 Valve pits shall be constructed and arranged to 
properly protect the installed equipment from movement of 
earth, freezing, and accumulation of water. 

8.15.1.4.2.3 Poured-in-place or precast concrete, with or 
wi th ou t. re i n fo rce in e n t , o r b r i c k ( a 1 1 cl e pe n d i n g u p on so i 1 co n - 
cl i tio n s a nd size o f pit) s h a 1 1 be a p p r o p r i ate i n a te r ia I s fo r co n - 
struction of valve pits. 

8.15.1.4.2.4 Other approved materials shall be permitted to 
be used for valve pit construction. 

8.15.1.4.2.5 Wh e re th e wa te r i abl e i s low a n d th e so i I i s po ro t is , 
crushed stone or gravel shall be permitted to be used for the floor 

of the pit. [See Figure A . 8. 16. 2(b) for a suggested arrange inenl.] 

8.15.1.4.2.6 Valve pits located at or near the base of the riser of 
an elevated tank shall be designed in accordance with Chapter 9 

of NFPA 22, Standard for Water Tanks for Private Fire Proleetion. 

8.15.1.4.3 Valve Pit Marking. T h e 1 o ca ti o n o f th e va 1 ve shall be 
clearly marked, and the cover of the pit shall be kept free of 
obstructions. 

8.15.1.5 Sectional Valves. 

8.15.1.5.1 Large private lire service main systems shall have 
sectional controlling valves at appropriate points in order to 
permit sectionalizing the system in the event of a break or for 
th e m a kin g o f r e p a i r s o r e x te n s i o n s . 
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8.15.1.5.2 A valve shall be provided on each bank where a 
main crosses water and outside the building foundation (s) 
where the main or section of main runs under a building. 

8.15.1.6* In-Rack Sprinkler System Control Valves. 

8.15.1.6.1 Unless the requirements of 8.35.1 .6.2 or 8. 15. 1.6. 3 
a re m e t , w h e re s p ri n k 1 e r s a re ins ta 1 led in ra c ks , s e p a ra te i n d i - 
cating control valves and drains shall be provided and ar- 
ranged so that ceiling and in -rack sprinklers can be controlled 
independently. 

8.15.1.6.2 Ins ta 1 1 a ti o n o f 2 o r f ewe r i n-rac k s p ri n k 1 e is sup- 
plied by any one ceiling sprinkler system shall not require a 
s e pa r a te i n d i c a t i n g c o n t r o 1 va I ve . 

8.15.1.6.3 Th e se para te i nd i cati n g valves s hall be permi tted to 
be arranged as sectional control valves where the racks occupy 
only a portion of the area protected by the ceiling sprinklers. 

8.15.2 Drainage. 

8.15.2.1* General. All sprinkler pipe and fittings shall be so 
installed that the system can be drained. 

8.15.2.2 Wet Pipe Systems. 

8.15.2.2.1 On wet pipe systems, sprinkler pipes shall be per- 
mitted to be installed level. 

8.15.2.2.2 Trapped piping shall be drained in accordance 
with 8.15.2.5. 

8.15.2.3 Dry Pipe and Preaction Systems. Piping shall be 
p i tc h ed to d ra i n as s ta ted in 8.15,2.3.1 th rou gh 8 . 1 5 . 2 . 3 .4 . 

8.1 5.2.3.1 Dry Pipe Systems in Non-Refrigerated Areas. In dry 

pipe systems branch lines shall be pitched at least ¥i in. per 
10 ft (4 mrn/m) and mains shall be pitched at least Va in. per 

10ft(2mm/m). 

8.15.2.3.2 Preaction Systems Subject to Freezing. In preaction 
systems where a portion of the piping is subject to freezing, 
branch lines shall be pitched at least ¥> in. per 10 ft (4 mm/m) 
and mains shall be pitched at least 14 in. per 10 ft (2 mm/m) . 

8.15.2.3.3 Preaction Systems Not Subject to Freezing. Preac- 
tion systems located entirely in areas not subject to freezing 
shall not be required to be pitched. 

8.15.2.3.4 Dry Pipe and Preaction Systems in Refrigerated Ar- 
eas. Branch lines shall be pitched at least V> in. per 10 ft 
( 4 in m / m ) , a n d m a i n s s h al 1 be p i tc h e d at leas t Vi in . p e r 1 ft 
( 4 m m / m ) i n re f ri ge ra ted a re as . 

8.15.2.4* System, Main Drain, or Sectional Drain Connec- 
tions. See Figure 8.15.2.4. 

8.15.2.4.1 Pi ovi s i on s s h a 1 1 be m ade to prope rly d ra i n al \ parts 
of the system. 

8.15.2.4.2 Drain connections for systems supply risers and 
mains shall be sized as shown in Table 8.15.2.4.2. 

8.15.2.4.3 Wh e re an i n te ri o r sec tional or door con trol valve ( s ) 
is provided, it shall be provided with a drain connection having a 
minimum size as shown in Table 8.15.2.4.2 to drain that portion 
of the system controlled by the sectional valve. 

8.15.2.4.4 Drains shall discharge outside or to a drain con- 
n ecti on . [See figure A . 8. 16.4. 2(b).] 

8.15.2.4.5 .Fo r th ose d ra i n s se rvi n g press u re-reduci ng valves , 
the drain, drain connection, and all other downstream drain 



Pressure gauge. 




tPO 



Drain 
pipe 



Inspector's 
1 /4-in. (6.4-mm) 
test plug 



Not less than 4 ft (1.22 m) 
of exposed drain pipe in 
warm room beyond 
valve when pipe extends 
through wall to outside 



FIGURE 8.15.2.4 Drain Connection for System Riser. 



Table 8.15.2.4.2 Drain Size 



Riser or Main Size 



Size of Drain Connection 



Up to 2 in. 
2 l /2in., 3 in., Vh in. 
4 in. and larger 



¥i in. or larger 

1 l A in. or larger 

2 in. only 



For SI units, I in. - 25.4 mm. 



piping shall be sized to permit a flow of at least the greatest 
system demand supplied by the pressure-reducing valve. 

8.15.2.4.6 The test connections required by 8.16.4.1 shall be 
permitted to be used as main drain connections. 

8.15.2.4.7 Where drain connections for floor control valves are 
tied into a common drain riser, the drain riser shall be one pipe 
size larger than the largest size drain connection tying into it. 

8.15.2.5 Auxiliary Drains. 

8.15.2.5.1 Auxiliary drains shall be provided where a change 
in piping direction prevents drainage of system piping 
through the main drain valve. 

8.15.2.5.2 Auxiliary Drains for Wet Pipe Systems and Preac- 
tion Systems in Areas Not Subject to Freezing. 

8.15.2.5.2.1* Where the capacity of isolated trapped sections 
of pipe is 50 gal (189 L) or more, the auxiliary drain shall 
consist of a valve not smaller than 1 in. (25.4 mm), piped to an 
accessible location. 

8.15.2.5.2.2 Where the capacity of isolated trapped sections 
of pipe is more than 5 gal (18.9 L) and less than 50 gal (189 L), 
the auxiliary drain shall consist of a valve % in. (19 mm) or 
larger and a plug or a nipple and cap. 

8.15.2.5.2.3 Where the capacity of trapped sections of pipes 
in wet systems is less than 5 gal (18.9 L), one of the following 
arrangements shall be provided: 

(1) An auxiliary drain shall consist of a nipple and cap or plug 
not less than Vi in. (12 mm) in size. 
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(2) An auxiliary drain shall not be required for trapped sec- 
tions less than 5 gal ( 18.9 L) where the system piping can 
be d rai n ed by re m ovin g a si n gle p e n d e n t s p rin . kl e r. 

(3) Where flexible couplings or other easily separated con- 
nections are used, the nipple and cap or plug shall be 
permitted to be omitted. 

8.15.2.5.2.4 Tie-in drains shall not be required on wet pipe 
systems and pre action systems protecting non-freezing envi- 
ronments. 

8.15.2.5.3 Auxiliary Drains for Dry Pipe Systems and Preac- 
tion Systems in Areas Subject to Freezing. 

8.15.2.5.3.1 W h e re th e capac i ty of trap ped secti o n s of pi pe i s 
less than 5 gal (18.9 L), the auxiliary drain shall consist of a valve 
not smaller than V> in. (12 mm) and a plug or a nipple and cap. 

8.15.2.5.3.2 An x i 1 iary d rains a re n o t for pipe d rops su pplyi ng 
dry-pendent sprinklers installed in accordance with 7.2.2. 

8.15.2.5.3.3 Where the capacity of isolated trapped sections of 
system piping is more than 5 gal (.1 8.9 L) , the auxiliary drain shall 
consist of two 1 -in. (25.4-mm) valves and one 2-in. x 12-in. 
(51 -mm x 305-mm) condensate nipple or equivalent, accessibly 
located in accordance with Figure 8.15.2.5.3.3. 



Dry system 

auxiliary 

drain 




1 -in. (25.4-mm) valve 



2-in. (51 -mm) x 1 2-in. (305-mm) 
nipple or equivalent 




1 -in. (25.4-mm) valve 

1 -in. (25.4-mm) nipple and cap or plug 
FIGURE 8.15.2.5.3.3 Dry System Auxiliary Drain. 



8.15.2.5.3.4 Tie-in drains shall be provided for multiple adja- 
cent trap p e d b ra n c h p i pe s an d sh al 1 be on ly 1 in. (25.4 m m ) . 
Tie-in drain lines shall be pitched a minimum of Vi in. per 10 ft 
(4 mm/m). 

8.15.2.6 Discharge of Drain Valves. 

8.1 5.2.6. 1* Direct interconnections shall not be made be- 
tween sprinkler drains and sewers. 

8.15.2.6.2 Tlied ra i n d isc h arge s h a 1 1 c on fo r m to an y h ea 1 th o r 

wa te r d e pa r tm e n t re gu lati o n s . 

8.15.2.6.3 Where drain pipes are buried underground, ap- 
proved corrosion-resistant pipe shall be used. 



8.15.2.6.4 D r a i n pipes s h a 11 n o t te r m i n ; U e i n b 1 i n d s p a c esun- 
der the building. 

8.15.2.6.5 Where exposed to the atmosphere, drain pipes 
shall be Fitted with a turn eel-down elbow. 

8.15.2.6.6 Drain pipes shall be arranged to avoid exposing 
any pa r I of th e s p r i n k 1 e r sys te m to f i e e z i n g c o n d i ti o n s . 

8.15.3 Protection of Piping. 

8.15.3.1 Protection of Piping Against Freezing. 

8.15.3.1.1 U n 1 ess th e req u i re in e n ts o f 8.15. 3 .1.2 a re m e t, 
where portions of systems are subject to freezing and tempera- 
tures cannot reliably be maintained at or above 40° F (4°C), 
sprinklers shall be installed as a dry pipe or p reaction system. 

8.15.3.1.2 Small unhealed areas are permitted to be pro- 
tected by antifreeze systems or by other systems specifically 
listed for this purpose. 

8. 1 5 . 3 . 1 . 3 * VV h e re above g ro u n d wa. te r- f i 1 1 e d s u p p 1 y p i p es , r i s- 
e rs , sys te rn r is e rs , o r fee dm a ins p ass l:h i *o 1 1 gh o pe n a r eas , co 1 d 
rooms, passageways, or other areas exposed to freezing tem- 
peratures, the pipe shall be protected against freezing by insu- 
lating coverings, frostproof casings, or other reliable means 
capable of maintaining a minimum temperature between 
40°F (4°C) and 120°F (48.9°C). 

8.15.3.2 Protection of Piping Against Corrosion. 

8 . 1 5 . 3 . 2 . 1 * W h e re c o r ros i ve c o n d i ti o n s a re k no w i i to ex i s t d u e 
to m o i s tn re o r f u m e s fro m c o r r o s i ve c 1 i e rn i c a 1 s o i * b o th , s p e c i a 1 
type s of fi tti n gs , pipes, a n d h a n ge rs th at r es i s t co r ros i o n s h ; \ 1 1 
be used, or a protective coating shall be applied to all unpro- 
tected exposed su if aces of th e sp ri n k 1 e r sys te m . 

8.15.3.2.2 Wh e re wate r su p p 1 i es a re k 1 1 own to 1 \ ave u n us 1 1 a 1 co i - 
rosive properties and threaded or cut-groove steel pipe is to be 
used , wa 1 1 tin c kn ess shall be i 1 1 a cc o t x\ a 1 1 c e w i I . h S c h e d u 1 e 3 [in 
s i ze s 8 i n . (200 m m ) o r 1 a rge r ] o r Sc h e d u 1 e 40 j in si zes less th a n 

Sin. (200mm)]. 

8.15.3.2.3 Where corrosive conditions exist or piping is ex- 
posed to the weather, corrosion-resistant types of pipe, fittings, 
and hangers or protective corrosion-resistant coatings shall be 
used. 

8.15.3.2.4 Where steel pipe is used underground, the pipe 
shall be protected against corrosion. 

8.15.3.3 Protection of Piping in Hazardous Areas. 

8.15.3.3.1 Private service main aboveground piping shall not 
pass through hazardous areas and shall be located so that it is 
protected from mechanical and lire damage. 

8.15.3.3.2 P ri va te s e rv i ce m ai n a bo veg ro 1 1 n d p i p i n g s h a 1 1 be 
permitted to be located in hazardous areas protected by an 
automatic sprinkler system. 

8.15.4 Protection of Risers Subject to Mechanical Damage. 

Sprinkler risers subject to mechanical damage shall be protected 
by steel posts, concrete barriers, or other approved means. 

8.16 System Attachments. 

8.16.1* Sprinkler Alarms/Waterflow Alarms, 

8.16.1.1 Local Waterflow Alarms. Local waterflow alarms 
s h al 1 b e p ro vid e d o n al 1 s p r i n k 1 e r sy s te n i s h a v i n g in o re t h a n 
20 sprinklers. 
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8.16.1.2 Re tard ing D e vices . 

8.16.1.2.1 O n e a c h a 1 arm c heck va 1 ve used u n d e r c o n d i ti o n s 
of variable water pressure, a retarding device shall be installed. 

8.16.1.2.2 Valves shall be provided in the connections to re- 
tarding devices to permit repair or removal without shutting 
off sprinklers; these valves shall be so arranged thai; they can 
be 1 o c keel o r se a 1 cd i 1 1 I h e o pe n pos i ti o n . 

8.16.1.3 Alarm Bypass Test Connections. 

8.16.1.3.1 Al arm , d \y p i pe > p re acti on , a n d d el u ge valves sh a 1 1 
be fitted with an alarm bypass test connection for an electric 
alarm switch, water motor gong, or both. 

8.16.1.3.2 The alarm bypass test connection for alarm, dry 
pipe, pre action, and deluge valves shall be made on the water 
supply side of the system and provided with a control valve and 
drain for the alarm piping. 

8.16.1.3.3 The alarm bypass test connection for alarm valves 
at the riser shall be permitted to be made on the system side of 
an alarm valve. 

8.16.1.3.4 A c he c k va Ive s ha 1 1 be i n s tall e d in t h e p i pe c o n n e c- 
ti o n fro m the i n te rm ed i ate c h am be r o f a d ly p i p e valve . 

8. 1 6. 1 .4 Indicating Control Valves, 

8.16.1.4.1 An i n d i ca ti n g co n trol valve s hal 1 be i n s tall ed i n th e 
connection to pressure-type contactors or water motor- 
operated alarm devices. 

8.16.1.4.2 Such valves shall be sealed, locked, or electrically 
supervised in the open position. 

8.16.1.4.3 The control valve for the retarding chamber on 
alarm check valves shall be accepted as complying with the 
requirements of 8. 1 6. 1 .4. 

8.16.1.5* Attachments — Mechanically Operated. 

8.16.1.5.1 For all types of sprinkler systems employing water 
m o tor-o p e rate d a 1 a r m s , a lis te d : Xi-i n . ( 1 9-m m ) s tra i n e r s h all be 
installed at the alarm outlet of the waterfiow detecting device. 

8.16.1.5.2 Wh e r e a r e t a i cling c h a m b e r i s u s e d i n c o n n e c ti o n 
with an alarm valve, the strainer shall be located at the outlet 
of the retarding chamber unless the retarding chamber is pro- 
vi cl e d w i th a n a.p p roved i n te gral s tra i n e r i n i ts o u tl e t. 

8.16.1.6* Alarm Attachments — High-Rise Buildings. When a 
fire must be lb tight internally due to the height of a building, 
the following additional alarm apparatus shall be provided: 

( 1 ) W h e re e a c h sp i i n k 1 e r sys te m o n each fl o o r i s equipped 
with a separate waterfiow device, it shall be connected to 
an alarm system in such a manner that operation of one 
sprinkler will actuate the alarm system, and the location 
of the operated How device shall be indicated on an an- 
nunciator and/ or register. The annunciator or register 
shall be located at grade level at the normal point of fire 
department access, at a constantly attended building secu- 
rity control center, or at both locations. 

(2) Where the location within the protected buildings where 
s u pe rvi sory o r a 1 a rm s i gna 1 s a re re c ei ved is n o t u n d er co n- 
stant supervision by qualified personnel in the employ of 
the owner, a connection shall be provided to transmit a 
signal to a remote central station. 

(3) A distinct trouble signal shall be provided to indicate a 
c o n d i ti o n t h a t w i 1 1 i m pa i r th e sa ti sfac tory ope ra ti o n of the 
sprinkler system. 



8.16.1.7* Alarm Service. 

8.16.1.7.1 A central station, auxiliary, remote station, or propri- 
etary sprinkler waterfiow alarm shall be provided for sprinkler 
systems protecting storage in accordance with Section 12.2. 

8.16.1.7.2 A local waterfiow alarm shall be permitted where 
recorded guard service is provided. 

8.16.1.8 Sprinkler Waterfiow Alarm for In-Rack Sprinklers. 

See Section C.4. 

8.16.2* Fire Department Connections. 

8.16.2.1* U n less th e req u i re in e n ts o f 8 .16.2. 2 are m e t, a f i re 
department connection shall be provided as described in 
8.16.2 in accordance with Figure 8.16.2.1. 



1 in. to 3 in. (25.4 mm to 76.2 mm; 
waterproof mastic 




n=m=iii Etu=in =/ii =iii=in=iii = in ™ 

Automatic drip = iheiii = ih = = 



FIGURE 8.16.2.1 Fire Department Connections. 



8.16.2.2 Th e following system s sh al 1 n o t requ ire a fi re depart- 
ment connection: 

(1) Buildings located in remote areas that are inaccessible for 
fire department support 

( 2 ) Large-capacity d e lu ge sys te ms exce e d i n g the p u m pi n g ca- 
pacity of the fire department 

( 3 ) Sin gle-s tory bui Id ings n o t exc eed i n g 2 00 ft 2 (186 m 2 ) i n 
area 

8.16.2.3 Size. The size of the pipe for the fire department 
connection shall be in accordance with one of the following: 

( 1 ) Pipe si ze sh al 1 b e a m i n i in u m of 4 in. ( 1 2 m m ) fo r fi re 
engine connections 

(2) Pipe size shall be a minimum of 6 in. (152 mm) for fire 
boat connections 

(3) For hydraulically calculated systems, the fire department 
connection shall be permitted to be less than 4 in. (102 mm) 
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and no less than the size of system riser, where serving one 
system riser 
(4) A single-outlet fire department connection shall be ac- 
ceptable where piped to a 3-in. (76-mm) or smaller riser 

8.16.2.4' 1 '' Arrangement. See Figure 8. 1 6.2. 1. 

8.16.2.4.1* The fire department connection shall be on the 
system side of the water supply check valve. 

8.16.2.4.2 Fo r si n gi e sys te ms , th e I i re d e part me n t con ne c tio n 
shall be installed as follows: 

( 1 ) We t sys te m — o n th e sys te m side o f sys tern co n t ro 1 , c h e c k, 
a n d a 1 a rm va 1 ves (see Figure A . 8. 1 5. 1.1) 

(2) Dry system — between the system control valve and the 
dry pipe valve 

(3) P reaction system — between the p reaction valve and the 
check valve on the system side of the p reaction valve 

(4) Deluge system — on the system side of the deluge valve 

8.16.2.4.3 For multiple systems, the fire department connec- 
tion s h a 1 1 b e c o n n e c te d b e t we e n t h e s u p p 1 y control va 1 ve sand 
the system control valves. 

8.16.2.4.4 The requirements of 8.16.2.4.2 and 8. 16.2.4.3 shall 
not apply where the lire department connection is connected 
to the underground piping. 

8.16.2.4.5 Where a lire department connection services only 
a portion of a building, a sign shall be attached indicating the 
portions of the building served. 

8.16.2.4.6 Fire department connections shall be on the street 
side of buildings and shall be located and arranged so that 
hose lines can be readily and conveniently attached to the 
i n 1 e ts wi thou t i n te rf e re nee fro m an y n earby obj e c ts i n cl u d i ng 
buildings, fences, posts, or other (ire department connections. 

8.16.2.4.7 Signs. 

8.16.2.4.7.1 Each lire department connection to sprinkler 
systems shall be designated by a sign having raised or engraved 
letters at least 1 in. (25.4 mm) in height on plate or fitting 
reading service design — for example, AUTOSPKR., OPEN 
SPKR., AND STA'NDPIPE. 

8.16.2.4.7.2 Asign shall also indicate the pressure required at 
th e i n 1 e ts to deli ve r th e gre ates t sys te m d e man d . 

8.16.2.4.7.3 The sign required in 8.16.2.4.7.2 shall not be re- 
quired where the system demand pressure is less than 150 psi 
(1.0.3 bar). 

8.16.2.4.8 Fire department connections shall not be con- 
n ec ted o n th e s ti c ti o n side of fi re pu m ps . 

8.16.2.4.9 Fire department connections shall be properly 
supported. 

8.16.2.5 Valves. 

8.16.2.5.1 A listed check valve shall be installed in each fire 
d e p a r t m e n t c o n n e c ti o n . 

8.16.2.5.2 There shall be no shu toff valve in the fire depart- 
in e n t co n n ecti o n pi p i n g . 

8.16.2.6 Drainage. The piping between the check valve and 
the outside hose coupling shall be equipped with an approved 
automatic drip in areas subject to freezing. 



8.16.3 Gauges. 

8.16.3.1 A pressure gauge wi th a con n ecti on n ot smaller than 
!/4 in. (6.4 mm) shall be installed at the system main drain, at 
each main drain associated with a floor control valve, and on 
the inlet and outlet side of each pressure reducing valve. 

8.16.3.2 Each gauge connection shall be equipped with a 
shutoff valve and provisions for draining. 

8.16.3.3 The required pressure gauges shall be listed and 
shall have a maximum limit not less than twice the normal 
sys te m wo rki n g press u re a t th e po i n t wh e re ins tal led. 

8.16.3.4 Gauges shal 1 be i nstall ed to pe rm i t re in oval and sh all 
be located where they will not be subject to freezing. 

8.16.4 System Connections. 
8.16.4.1* Main Drain Test Connections. 

8.16.4.1.1 Main drain test connections shall be provided at 
locations that will permit flow tests of water supplies and con- 
nections. 

8.16.4.1.2 They shall be so installed that the valve can be 
opened wide for a sufficient time to assure a proper test with- 
out causing water damage. 

8.16.4.1.3 Main chain connections shall be sized in accor- 
dance with 8.15.2.4 and 8.15.2.6. 

8.16.4.2* Wet Pipe Systems. 

8.16.4.2.1 An alarm test connection not less than 1 in. 
(25.4 mm) in diameter, terminating in a smooth bore 
corrosion-resistant orifice, giving a flow equivalent to one 
sprinkler of a type having the smallest orifice installed on the 
particular system, shall be provided to test each waterflow 
alarm device for each system. 

8.16.4.2.2 The test connection valve shall be readily accessible. 

8.16.4.2.3 The discharge shall be to the outside, to a drain con- 
nection capable of accepting full flow 7 under system pressure, or 
to another location where water damage will not result. 

8.16.4.3* Dry Pipe Systems. 

8.16.4.3.1 Atrip test connection not less than 1 in. (25.4 mm) 
in diameter, terminating in a smooth bore corrosion-resistant 
orifice, to provide a flow equivalent to one sprinkler of a type 
installed on the particular system, shall be installed. 

8.16.4.3.2 The trip test connection shall be located on the 
end of the most distant sprinkler pipe in the upper story and 
shall be equipped with a readily accessible shutoff valve and 
plug not less than 1 in. (25.4 mm), at least one of which shall 
be brass. 

8. 16.4.3.3 In lieu of a plug, a nipple and cap shall be acceptable. 

8.16.4.4 Preaction Systems. 

8.16.4.4.1 A test connection shall be provided on a preaction 
system using supervisory air. 

8.16.4.4.2 The connection used to control the level of prim- 
ing water shall be considered adequate to test the operation of 
th e alarm s mo n i to ring th e s u pe rviso ry a i r p ress u re . 

8.16.4.5 Deluge Systems. A test connection is not required on 
a deluge system. 
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8.16.4.6* Backflow Devices. 

8.16.4.6.1* Backflow Prevention Valves. Means shall be pro- 
vided downstream of all backflow prevention valves for flow 
tes ts a t sys te m d e man d . 

8.16.4.6.2 Retroactive Installation. When backflow prevention 
devices are to be retroactively installed on existing systems, a thor- 
ough hydraulic analysis, including revised hydraulic calculations, 
new Are flow data, and all necessary system modifications to ac- 
commodate the additional friction loss, shall be completed as a 
pa it of th e i n s talla tion . 

8.16.5 Hose Connections. 

8.16.5.1 Small (lWin.) Hose Connections. See Section C.5. 

8.16.5.1.1* Where required by Chapter 12, small (VA> in.) hose 
1 i n es s h a 1 1 b e a va i 1 a b 1 e to re a c h all p or ti o n s o f th e s to rage area. 

8.16.5.1.2 The hose connections shall not be required to 
meet the requirements of Class II hose systems defined by 
NFPA 14, Standard for the Installation of Standpipe, Private Hy- 
drant, and. Hose Systems. 

8.16.5.1.3 Hose connections shall be supplied from one of 
the following: 

(1) Outside hydrants 

( 2 ) A sep a rate pi p i n g sys te m fo r s in a 1 1 hose s ta ti o n s 

( 3 ) Val ved h ose con n ec dons on sp ri n kle r risers wh ere such con- 
nections are made upstream of all sprinkler control valves 

(4) Adjacent sprinkler systems 

(5) In rack storage areas, the ceiling sprinkler system in the 
same area (as long as in-rack sprinklers are provided in 
th e sa m e a rea an d are se pa rate 1 y con trol 1 e d ) 

8.16.5.1.4* Hose used for fire purposes only shall be permit- 
ted to be connected to wet sprinkler systems only, subject to 
the following restrictions: 

( 1 ) H ose s ta ti o n'ss u p p 1 y pi pes con n e c ted to sh all n o t be co n- 
n ec ted to an y pipe s m a 1 1 e r th an 2 Vi i n . (64 m in ) . 

( 2 ) The req u i re m e n ts of 8 . 1 6.5. 1 . 4 sha 11 not apply to hyd rau- 
lically designed loops and grids, where the minimum size 
pipe between the hose station's supply pipe and the 
source shall be permitted to be 2 in. (5.1 mm). 

(3) For piping serving a single hose station, pipe shall be a 
minimum of 1 in. (25.4 nun) for horizontal runs up to 
20 ft (6.1 m), a minimum of I '/i in. (33 mm) for the entire 
run for runs between 20 ft and 80 ft (6.1 m and 24.4 m), 
and a minimum of I V± in. (38 mm) for the entire run for 
runs greater than 80 ft (24.4 m). For piping serving mul- 
tiple hose stations, runs shall be a minimum of Vh in. 
( 38 m m ) th ro ugh on t. 

(4) Piping shall be at least 1 in. (25 mm) for vertical runs. 

( 5 ) Wh e n th e p ressti re at a ny h ose s tati on outlet exceeds 1 00 psi 
(6.9 bar), an approved device shall be installed at the outlet 
to reduce the pressure at the outlet to 100 psi (6.9 bar). 

8.16.5.2* Hose Connections for Fire Department Use. 

8.16.5.2.1 In bu i 1 d i n gs of 1 i gh t o r o rd i n ary h azard occupan cy, 
2 1 /2-in. (64-mm) hose valves for fire department use shall be 
permitted to be attached to wet pipe sprinkler system risers. 

8.16.5.2.2 The fo 1 1 o wi n g res tri c ti o n s s h al 1 ap p ly : 

(1) Sprinklers shall be under separate floor control valves. 

( 2 ) Th e in i n i m u m si ze of th e ri se r s h al 1 be 4 in. (102 mm ) 
unless hydraulic calculations indicate that a smaller size 
ri se r will satisfy sp r i n kl e r a n d h ose s t ream demands. 



(3) Each combined sprinkler and standpipe riser shall be 
equipped with a riser control valve to permit isolating a 
riser without interrupting" the supply to other risers from 
the same source of supply. (For fire department connections 

serving standpipe and, sprinkler systems, refer to Section 6. S. ) 



Chapter 9 Hanging, Bracing, and Restraint of System 
Piping 

9.1 Hangers. 
9.1.1* General. 

9.1.1.1 Unless th e requ i rem en ts of 9. 1.1.2 are met, types of 
hangers shall be in accordance with the requirements of Sec- 
tion 9.1. 

9.1.1.2 Hangers certified by a registered professional engi- 
neer to include all of the following shall be an acceptable al- 
ternative to the requirements of Section 9.1: 

(1) Hangers shall be designed to support five times the 
weight of the water-filled pipe plus 250 lb (114 kg) at each 
point of piping support. 

( 2 ) These po i n ts of s upp o r t s h a! 1 be ad e q ua te to s upp o r t th e 
system. 

(3) The spacing between hangers shall not exceed the value 
given for the type of pipe as indicated in Table 9.2. 2. 1. 

(4) Hanger components shall be ferrous. 

(5) Detailed calculations shall be submitted, when required 
by the reviewing authority, showing stresses developed in 
hangers, piping, and fittings and safety factors allowed. 

9.1.1.3 Where water-based fire protection systems are re- 
quired to be protected against damage from earthquakes, 
hangers shall also meet the requirements of 9.3.7. 

9.1.1.4 Listing. 

9.1.1.4.1 Un le ss perm itted by 9 . J . . 1 . 4 . 2 o r 9 . 1 . 1 . 4 . 3 , th e c o m- 
po ne n ts of h an ge r asse m blies t ha t d i re c tl y attach to th e pi pe 
or to the building structure shall be listed. 

9.1.1.4.2 Mild steel hangers formed from rods shall be per- 
mitted to be not listed. 

9.1.1.4.3 Fasteners as specifically identified in 9.1.5 shall be 
permitted to be not listed. 

9.1.1.4.4 Other fasteners shall be permitted as part of the 
hanger assembly that has been tested, listed, and installed in 
accordance with the listing requirements. 

9.1.1.5 Component Material. 

9.1.1.5.1 Unless permitted by 9.1.1.5.2 or 9.1.1.5.3, hangers 
and their components shall be ferrous. 

9.1.1.5.2 Nonferro us com pon e n ts th at h ave bee n proven by 
fire tests to be adequate for the hazard application, that are 
listed for this purpose, and that are in compliance with the 
other requirements of this section shall be acceptable. 

9.1.1.5.3 Holes through solid structural members shall be 
permitted to serve as hangers for the support of system piping 
provided such holes are permitted by applicable building 
codes and the spacing and support provisions for hangers of 
this standard are satisfied. 
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9.1.1.6* Trapeze Hangers. 

9.1.1.6.1 For trapeze hangers, the minimum size of steel 
angle or pipe span between purlins or joists shall be such that 
the available section modulus of the trapeze member from 
Table 9.1.1.6.1(a) equals or exceeds the section modulus re- 
quired in Table 9.1.1.6.1(b). 



Table 9.1.1.6.1(a) Available Section Moduli of Common 
Trapeze Hangers (in. 3 ) 



Pipe (in.) 


Modulus 


Angles 


Modulus 


Schedule 10 








1 


0.12 


VAx V/ix¥u\ 


0.10 


VA 


0.19 


2 x 2 x Vs 


0.13 


VA 


0.26 


2x 11/2 x-M 6 


0.18 


2 


0.42 


2x 2xY,h 


0.19 


VA 


0.69 


2 x 2 x Va 


0.25 


3 


1.04 


2 ] Ax l!4x-Vifi 


0.28 


VA 


1.38 


2 , /&x2x*Yifi 


0.29 


4 


1.76 


2x2x-y,6 


0.30 


5 


3.03 


2 1 /2x2'/2Xy,6 


0.30 


6 


4.35 


2 x 2 x % 


0.35 






VAx VAx Va 


0.39 






3x2xy, 6 


0.41 


Schedule 40 






1 


0.13 


3x2'/2X^i 


0.43 


VA 


0.23 


3x3xyio 


0.44 


VA 


0.33 


VAxVAx*A« 


0.48 


2 


0.56 


3 x 2 x 1/4 


0.54 


VA 


1.06 


2'/>x2x% 


0.55 


3 


1.72 


2/2 X 2/2X^/8 


0.57 


VA 


2.39 


3 x 3 x y 4 


0.58 


4 


3.21 


3x3xVi6 


0.71 


5 


5.45 


2 I /2X2 1 />X Vz 


0.72 


6 


8.50 


VAxVAx Va 


0.75 






3x2'/ix% 


0.81 






3 x3 x % 


0.83 






VAxVAxW^ 


0.93 






3 X 3 X 7/fi 


0.95 






4 x 4 x Va 


1.05 






3 x 3 x Vi 


1.07 






4x3xy,o 


1.23 






4 x 4 x y t c> 


1.29 






4 x 3 x % 


1.46 






4 x4 x-A 


1.52 






5 x S/axVifi 


1.94 






4 x 4 x Vz 


1.97 






4 x 4 x % 


2.40 






4 x 4 x y 


2.81 






6 x 4 x % 


3.32 






6 x 4 x i/> 


4.33 






6 x 4 x y i 


6.25 






6x6x] 


8.57 



| For Si units, 1 in. = 25.4 mm; 1 ft = 0.3048 m. 



9.1.1.6.2 Any other sizes or shapes giving equal or greater 
section modulus shall be acceptable. 

9.1.1.6.3 All angles shall be used with the longer leg vertical. 



9.1.1.6.4 The trapeze member shall be secured to prevent 
slippage, 

9.1.1.6.5 Where a pipe is suspended from a pipe trapeze of a 
diameter less than the diameter of the pipe being supported, 
ring, strap, or clevis hangers of the size corresponding to the 
suspended pipe shall be used on both ends. 

9.1.1.6.6 Th e size of hanger rods and fasteners requi red to sup- 
port the steel angle iron or pipe indicated in Table 9.1.1.6.1(a) 
shall comply with 9.1.2 through 9.1.5. 

9.1.1.6.7 Holes for bolts shall not exceed Mr, in. greater than 
the diameter of the bolt. 

9.1.1.6.8 Bolts shall be p ro vi d e d wi th a f 1 a t was h e r a n d nu t. 

9.1.1.7* Support of Non-System Components. Sprinkler pip- 
ing or hangers shall not be used to support non-system com- 
ponents. 

9.1 .2 Hanger Rods. 

9.1.2.1 U nl ess th e req u i re m e n ts of 9 . 1 .2.2 are m e t, h an ge r 
rod size shall be the same as that approved for use with the 
hanger assembly, and the size of rods shall not be less than that 
given in Table 9.1.2.1. 

9.1.2.2 Rods of smaller diameters than indicated in 
Table 9.1.2.1 shall be permitted where the hanger assembly 
has been tested and listed by a testing laboratory and in- 
stalled within the limits of pipe sizes expressed in individual 
listings. 

9.1.2.3 U-Hooks. The size of the rod material of U-hooks shall 
not be less than that given in Table 9.1.2.3. 

9.1.2.4 Eye Rods. 

9.1.2.4.1 The size of the rod material for eye rods shall not be 
less than specified in Table 9.1.2.4.1. 

9.1.2.4.2 Eye rods shall be secured with lock washers to pre- 
vent lateral motion. 

9.1.2.4.3 Where eye rods are fastened to wood structural 
members, the eye rod shall be backed with a large flat washer 
bearing directly against the structural member, in addition to 
the lock washer. 

9.1.2.5 Threaded Sections of Rods. Threaded sections of rods 
shall not be formed or bent. 

9.1.3 Fasteners in Concrete. 

9.1.3.1 Unless prohibited by 9.1.3.2 or 9.1.3.3, the use of listed 
inserts set in concrete and listed expansion shields to support 
hangers shall be permitted for mains and branch lines. 

9.1.3.2 Expansion shields shall not be used in cinder con- 
crete, except for branch lines where the expansion shields are 
alternated with through-bolts or hangers attached to beams. 

9.1.3.3 Expansion shields shall not be used in ceilings of gyp- 
sum or other similar soft material. 

9.1.3.4 Unless the requirements of 9.1.3.5 are met, expan- 
sion shields shall be installed in a horizontal position in the 
sides of concrete beams. 
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Table 9. 1 . 1 .6. 1 (b) Section Modulus Required for Trapeze Members (in. 3 ) 



Span oi 
Trapeze 








Nominal Diameter of 


Pipe Being Supported 








1 in. 


1 l A in. 


I 1 /* in. 


2 in. 


2 ! /2in. 


3 in. 


3'/2in. 


4 in. 


5 in. 


6 in. 


8 in. 


10 in. 


1 ft 6 in. 


0.08 


0.09 


0.09 


0.09 


0.10 


0.11 


0.12 


0.1.3 


0.15 


0.18 


0.24 


0.32 




0.08 


0.09 


0.09 


0.10 


0.11 


0.12 


0.13 


0.15 


0.18 


0.22 


0.30 


0.4.1. 


2 ft in. 


0.11 


0.12 


0.12 


0.13 


0.13 


0.15 


0.1.6 


0.17 


0.20 


0.24 


0.32 


0.43 




0.1 1 


0.12 


0.12 


0.13 


0.15 


0.16 


0.18 


0.20 


0.24 


0.29 


0.40 


0.55 


2 ft 6 in. 


0.14 


0.1.4 


0.15 


0.16 


0.17 


0.18 


0.20 


0.21 


0.25 


0.30 


0.40 


0.54 




0.14 


0.15 


0.15 


0.16 


0.18 


0.21 


0.22 


0.25 


0.30 


0.36 


0.50 


0.68 


3 ft in. 


0.17 


0.17 


0.18 


0.19 


0.20 


0.22 


0.24 


0.26 


0.31 


0.36 


0.48 


0.65 




0.17 


0.18 


0.18 


0.20 


0.22 


0.25 


0.27 


0.30 


0.36 


0.43 


0.60 


0.82 


4 ft in. 


0.22 


0.23 


0.24 


0.25 


0.27 


0.29 


0.32 


0.34 


0.41 


0.48 


0.64 


0.87 




0.22 


0.24 


0.24 


0.26 


0.29 


0.33 


0.36 


0.40 


0.48 


0.58 


0.80 


1.09 


5 ft in. 


0.28 


G.29 


0.30 


0.31 


0.34 


0.37 


0.40 


0.43 


0.51 


0.59 


0.80 


1 .08 




0.28 


0.29 


0.30 


0.33 


0.37 


0.4.1 


0.45 


0.49 


0.60 


0.72 


.1.00 


1.37 


6 ft Gin. 


0.33 


0.35 


0.36 


0.38 


0.41 


0.44 


0.48 


0.51 


0.61 


0.71 


0.97 


1.30 




0.34 


0.35 


0.36 


0.39 


0.44 


0.49 


0.54 


0.59 


0.72 


0.87 


1.20 


1.64 


7 ft in. 


0.39 


0.40 


0.41 


0.44 


0.47 


0.52 


0.55 


0.60 


0.71 


0.83 


1.13 


1.52 




0.39 


0.41 


0.43 


0.46 


0.5.1 


0.58 


0.63 


0.69 


0.84 


1.01 


1.41 


1.92 


8 ft in. 


0.44 


0.46 


0.47 


0.50 


0.54 


0.59 


0.63 


0.68 


0.81 


0.95 


1.29 


1.73 




0.45 


0.47 


0.49 


0.52 


0.59 


0.66 


0.72 


0.79 


0.96 


1.16 


.1.61 


2.19 


9 ft in. 


0.50 


0.52 


0.53 


0.56 


0.61 


0.66 


0.71 


0.77 


0.92 


1.07 


.1.45 


1.95 




0.50 


0.53 


0.55 


0.59 


0.66 


0.74 


0.81 


0.89 


1.08 


1.30 


1.81 


2.46 


10 ft Gin. 


0.56 


0.58 


0.59 


0.63 


0.68 


0.74 


0.79 


0.85 


1.02 


1.19 


.1.61 


2.17 




0.56 


0.59 


0.61 


0.65 


0.74 


0.82 


0.90 


0.99 


1.20 


1.44 


2.01 


2.74 



For SI units, .1 in. = 25.4 mm; 1 It: - 0.3048 in. 
Notes: 

1 . To p va 1 1 1 e s a re f 6 r S e h e d 1 1 1 e .1 p i p e ; b o t to m va 1 u e s a re f o r Sc h ed u 1 e 4 p i p e . 

2 . T h e ta b I e i s bas e don a 1 1 va x i un i n l a 1 1 owa b 1 e be n d i n g s tr e ss o f 1 5 ks i an d a m i d s p a n c o n c e n tr a te d 1 o ad f i x > m 1 5 ft. (4.6m) of \va te r-1.1 1 1 e d j ) i p e , p 1 u s 
2501b (1.14 kg). 



Table 9.1.2.1 Hanger Rod Sizes 



Pipe Size 



U p to an cl i n cl u din g 4 i n . 
5 in., 6 in., and 8 in. 
10 in. and 12 in. 



Table 9.1.2.3 U-Hook Rod Sizes 



Pipe Size 



Up to 2 in. 
2 '/2 i n . to 6 i n . 
8 in. 



Diameter of Rod 






9.5 
12.7 
15.9 



Hook Material 
Diameter 



■y.o 
% 



7.9 

9.5 

12.7 



9.1.3.5 E k pan s i o i i s h i e 1 d s s h a 11 be pe r in i tie d to be i ns tal 1 e d i n 
the vertical position tinder the following conditions: 

(I) When used in concrete having gravel or crushed stone ag- 
gregate to support pipes 4 in. (102 mm) or less in diameter 



Table 9.1.2.4.1 Eye Rod Sizes 



Diameter of Rod 



With Bent Eye 



With Welded Eye 



Pipe Size 



Up to 4 in. 
5 in. to 6 in. 
8 in. 






9.5 
12.7 
19.1 






9.5 
12.7 
12.7 



(2) When expansion shields are alternated with hangers con- 
nected directly to the structural members, such as trusses 
and girders, or to the sides of concrete beams [to support 
pipe 5 in. (127 mm) or larger] 

(3) When expansion shields are spaced not over 10 It (3 m) 
apart [to support pipe 4 in. (102 m) or larger] 

9.1.3.6 Holes fo r ex pan s i o n s h i e Ids i n th e s i d e of beams sh al 1 
be above the center! ine of the beam or above the bottom rein- 
forcement steel rods. 

9.1.3.7 Holes for expansion shields used in the vertical posi- 
tion shall be drilled to provide uniform contact with the shield 
over its entire circumference. 

9.1.3.8 The de p th of the expan s i on shield ho 1 e s h all n o t be 
less than specified for the type of shield used. 
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9.1.3.9 Powder-Driven Studs. 

9.1.3.9.1 Powder-driven studs, welding studs, and the tools 
ii sed fo r i ns tal 1 i n g th ese d evi ces s h al I be 1 is ted . 

9.1.3.9.2 Pipe size, installation position, and construction 
material into which they are installed shall be in accordance 
with individual listings. 

9.1.3.9.3* Representative samples of concrete into which 
studs are to be d liven shall be tested to determine that the 
s tu d s w i 1 1 h o Id a mini m u m 1 o ad of 750 lb (341 kg ) f o r 24 n . 
(51-mm) or smaller pipe, 1000 lb (454 kg) for 2yt>-in., 3-in., 
or 3 , /i>-in. (64-mm, 7 6- mm, or 89-mm) pipe, and 1200 lb 
( 5 45 kg) f o r 4-i n . o r 54 n . ( 1 02-m m o r 1 2 7-m m ) pipe. 

9.1.3.9.4 I n c r ease r c on p 1 i n gs sha I 1 be a ttac h e d d i i ec tly to th e 
powd e r-d r i ve n studs . 

9.1.3.10 Minimum Bolt Size for Concrete. 

9.1.3.10.1 The size of a bolt used with a hanger and in- 
s ta 1 1 e d th ro u g h c o n ere te shall n o t b e less th an s p e c i f i e d in 
Table 9.1.3.10.1. 



Table 9.1.3.10.1 Minimum Bolt Size for Concrete 





Pipe Size 


Size of Bolt 




in. mm 


U p to a n d i n c 1 ud i n g 4 i n . 
5 in. to 8 in. 
10 in. 
12 in. 


% 9.5 
Vz 1.2.7 
% 15.9 
: Ki 19.1 



9.1.3.10.2 Holes f o r bol ts s ha 1 1 not exceed l /i b in. (1.6 m m ) 
greater than the diameter of the bolt. 

9.1.3.10.3 Bol ts sh al 1 be p rovi d ed wi th a fl a t; was h e r an d n u t. 

9.1.4 Fasteners in Steel. 

9.1.4.1* Powder-driven studs, welding studs, and the tools 
u s ed fo r ins tal I i n g th ese d e vices shall be 1 is te d . 

9.1.4.2 Pipe size, installation position, and construction ma- 
terial into which they are installed shall be in accordance with 
individual listings. 

9.1.4.3 Increaser couplings shall be attached directly to the 
powd e r-d rive n stu d s o r we 1 d i n g s tu d s . 

9.1.4.4 Welding studs or other hanger parts shall not be at- 
tached by welding to steel less than U.S. Standard, 12 gauge. 

9.1.4.5 Minimum Bolt Size for Steel. 

9.1.4.5.1 The size of a bolt used with a hanger and installed 
through steel shall not be less than specified in Table 9.1.4.5.1. 

9.1.4.5.2 Holes for bolts shall not exceed Vic, in. (1.6 mm) 
g i eat e r th an th e d i a m e te r o f th e bol t. 

9.1.4.5.3 Bol ts sha I 1 be p rovi d e d wi th a fl a t wash e r an d n u t. 

9. 1 .5 Fasteners in Wood. 

9.1.5.1 Drive Screws. 

9.1.5.1.1 D rive sc re ws s h al 1 be used o n 1 y i n a h o ri zo n tal posi- 
ti o n as i n t h e s i d e o 1 a be am a n d o n 1 y f o r 2- i n . pipe- o r s m a 1 1 e r. 



Table 9.1.4.5.1 Minimum Bolt Size for Steel 



Size of Bolt 



Pipe Size 



mm 



U p to an d i n cl ud i n g 4 in. 
5 in. to 8 in. 
10 in. 
12 in. 



% 



9.5 
12.7 
15.9 
19.1 



9.1.5.1.2 Drive screws shall only be used in conjunction with 
h a n ge is th a t re qu ire two p o i n ts o f a t lac hmen ts . 

9.1.5.2 Ceiling Flanges and U-hooks with Screws. 

9.1.5.2.1 Unless the requirements of 9. 1 .5.2.2 or 9.1 .5.2.3 are 
met, for ceiling flanges and U-hooks, screw dimensions shall 
not be less than those given in Table 9.1 .5.2.1. 



Table 9.1.5.2.1 Screw Dimensions for Ceiling Flanges and 
U-Hooks 



Pipe Size 



Two Screw Ceiling Flanges 



Up to 2 in. Wood screw No. 1 8 x 1 Vz in. 

or 
Lag screw Yin in. x 1 !/0 in. 



Pipe Size 



Three Screw Ceiling Flanges 



Up to 2 in. Wood screw No. 1 8 x 1 Vz in. 

2 Vz i n . , 3 in., Lag screw % in. x 2 in. 

V/zn\. 

4 i n . , 5 i n . , 6 i n . Lag sc re w Vz in. x 2 in. 

Sin. Lag screw % in. x 2 in. 



Pipe Size 



Four Screw Ceiling Flanges 



Up to 2 in. Wood screw No. 18 x 1 Vz in. 

2!/2 in., 3 in., Lag screw % in. x 1 ¥> in. 

S'/iin. 

4 in., 5 in., 6 in. Lag screw Vz in. x 2 in. 

Sin. Lag screw % in. x 2 in. 



Pipe Size 



U-Hooks 



Up to 2 in. Drive screw No. 16x2 in. 

2 Vz in., 3 in., Lag sc re w % in. x 2 Vz i n . 

V/z in. 

4 in., 5 in., 6 in. Lag screw V> in. x 3 in. 

8 in. Lag screw ■% in. x 3 in. 



| Fo r SI u n i is , 1 in. = 25. 4 t n in . 



9.1.5.2.2 When the thickness of planking and thickness of 
fl an ge do n o t p e rm i t th e use o f sc re ws 2 in. (51 m in ) 1 o n g , 
s c rews I Yi in. ( 44 m m ) 1 o n g s h al 1 be pe r m i tied wi th 1 1 an ge rs 
spaced not over 10 ft (3 m) apart. 

9.1.5.2.3 W h e n th e th i c k n ess of beam s o r j o i s ts d oes n o t pe r- 

mit the use of screws 2Vi in. (64 nun) long, screws 2 in. 
( 5 1 mm ) lo n g s h al 1 be pe nn i tte d wi th h a n ge rs s pa c ed n o t o ve r 
10 ft (3 m) apart. 
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9.1.5.3 Bolt or Lag Screw. 

9 . 1 .5 . 3 . 1 Un I ess the req u i rem e n ts of 9. 1 . 5 . 3 . 2 are m e t, the size 
of bolt or lag screw used with a hanger and installed on the side of 
the beam shall not be less than specified in Table 9.1.5.3.1. 



Table 9.1.5.3.1 Minimum Bolt or Lag Screw Sizes for Side of 
Beam Installation 



Size of Bolt or 
Lag Screw 



Pipe Size 



Length of Lag 

Screw Used with 

Wood Beams 

in. mm 



Up to and including Ys 9.5 2 ] /2 64 

2 in. 
2 X A in. to 6 in. x h 12.7 3 76 

(inclusive) 
8 in. % 15.9 3 76 



9.1.5.3.2 Where the thickness of beams or joists does not per- 
mit the use of screws 2!4> in. (64 mm) long, screws 2 in. 
(51 mm) long shall be permitted with hangers spaced not over 
10 ft (3 m) apart. 

9.1.5.3.3 All holes for lag screws shall be pre-drilled l /s in. 
(3.2 mm) less in diameter than the maximum root diameter of 
the lag screw thread. 

9.1.5.3.4 Holes for bolts shall not exceed !/ig in. (1.6 mm) 
greater than the diameter of the bolt. 

9.1.5.3.5 Bolts shall be provided with a flat washer and nut. 

9.1.5.4 Wood Screws. Wood screws shall be installed with a 
screwdriver. 

9.1.5.5 Nails. Nails shall not be acceptable for fastening 
hangers. 

9.1.5.6 Screws in Side of Timber or Joists. 

9.1.5.6.1 Screws in the side of a timber or joist shall be not 
less than 2V* in. (64 mm) from the lower edge where support- 
ing branch lines and not less than 3 in. (76 mm) where sup- 
porting main lines. 

9.1.5.6.2 The requirements of 9.1.5.6.1 shall not apply to 2-in. 
(5.1 -mm) or thicker nailing strips resting on top of steel beams. 

9.1.5.7 Coach Screw Rods. 

9.1.5.7.1 Minimum Coach Screw Rod Size. The size of coach 
screw rods shall not be less than the requirements of 
Table 9. 1.5.7.1. 



Table 9.1.5.7.1 Minimum Coach Screw Rod Size 



Pipe Size 




Diameter of Rod 
in. mm 


- Minimum 
Penetration 


Up to 4 in. 
Larger than 4 in. 


Pt 


Ys 

Not 
rmitted 


9.5 

Not 

permitted 


3 in. 

Not 

permitted 



9.1.5.7.2 The minimum plank thickness and the minimum 
width of the lower face of beams or joists in which coach 
screw rods are used shall be not less than that specified in 
Table 9.1.5.7.2. 

Table 9.1.5.7.2 Minimum Plank Thicknesses and Beam or 
Joist Widths 



Nominal Plank 
Thickness 



Nominal Width 

of Beam or Joist 

Face 



Pipe Size 



Up to 2 in. 
2/2 in. to 3V& in. 
4 in. and 5 in. 
6 in. 



76 
102 
102 
102 



51 

51 

76 
102 



9.1.5.7.3 Coach screw rods shall not be used for support of 
pipes larger than 4 in. in diameter. 

9.1.5.7.4 All holes for coach screw rods shall be predriiled 
Vs in. (3.2 mm) less in diameter than the maximum root diam- 
eter of the wood screw thread. 

9.2 Installation of Pipe Hangers. 

9.2.1 General. 

9.2.1.1 Ceiling Sheathing. 

9.2.1.1.1 Unless the requirements of 9.2.1.1.2 are met, sprin- 
kler piping shall be supported independently of the ceiling 
sheathing. 

9.2.1.1.2 Toggle hangers shall be permitted only for the sup- 
port of pipe 1 Vz in. (38 mm) or smaller in size under ceilings 
of hollow tile or metal lath and plaster. 

9.2.1.2 Storage Racks. Where sprinkler piping is installed in 
storage racks, piping shall be supported from the storage rack 
structure or building in accordance with all applicable provi- 
sions of Sections 9.2 and 9.3. 

9.2.1.3* Building Structure. 

9.2.1.3.1 Sprinkler piping shall be substantially supported 
from the building structure, which must support the added 
load of the water-filled pipe plus a minimum of 250 lb (114 kg) 
applied at the point of hanging. 

9.2.1.3.2 Trapeze hangers shall be used where necessary to 
transfer loads to appropriate structural members. 

9.2.1.4 Metal Deck. 

9.2.1.4.1 Branch line hangers under metal deck shall be per- 
mitted only for the support of pipe 1 in. (25.4 mm) or smaller 
in size, by drilling or punching vertical members and using 
through bolts. 

9.2.1.4.2 The distance from the bottom of the bolt hole to 
the bottom of the vertical member shall be not less than % in. 
(9.5 mm). 

9.2.1.5 Where sprinkler piping is installed below ductwork, 
piping shall be supported from the building structure or from 
the ductwork supports, provided such supports are capable of 
handling both the load of the ductwork and the load specified 
in 9.2.1.3.1. 
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9.2.2* Maximum Distance between Hangers. 

9.2.2.1 The maximum distance between hangers shall not 
exceed that specified in Table 9.2.2.1 . 

9.2.2.2 The maximum distance between hangers for listed 
non metal lie pipe shall be modified as specified in the indi- 
vidual product listings. 

9.2.3 Location of Hangers on Branch Lines. 

9.2.3.1 Subsection 9.2.3 shall apply to the support of steel 
pipe or copper tube as specified in 6.3.1 and subject to the 
provisions of 9.2.2. 

9.2.3.2 Minimum Number of Hangers. 

9.2.3.2.1 Unless the requirements of 9.2.3.2.2 or 9.2.3.2.3 are 
met, there shall be not less than one hanger for each section 
of pipe. 

9.2.3.2.2* Where sprinklers are spaced less than 6 ft (1.8 m) 
apart, hangers spaced up to a maximum of 12 ft (3.7 m) shall 
be permitted. 

9.2.3.2.3 Starter lengths less than 6 ft (1.8 m) shall not re- 
quire a hanger, unless on the end line of a sidefeed system or 
where an intermediate cross main hanger has been omitted. 

9.2.3.3 Clearance to Hangers. The distance between a hanger 
and the center! ine of an upright sprinkler shall not be less 
than 3 in. (76 mm). 

9.2.3.4* Unsupported Lengths. 

9.2.3.4.1 T h e u n s u p por te d le ngth be twe e n the end spri nkle r 
and the last hanger on the line shall not be greater than 36 in. 
(0.9 m) for 1-in. pipe, 48 in. (1.2 m) for 1 '/i-in. pipe, and 60 in. 
(1.5 m) for l'/j-in. or larger pipe. 

9.2.3.4.2 Where the limits of 9.2.3.4.1 are exceeded, the pipe 
shall be extended beyond the end sprinkler and shall be sup- 
por te d by a n ad d i tio nal h a n ge r. 

9.2.3.4.3* Unsupported Length with Maximum Pressure Ex- 
ceeding 100 psi. 

9.2.3.4.3.1 When the maximum static or flowing pressure, 
whichever is greater at the sprinkler, applied other than through 
the fire department connection, exceeds 100 psi (6.9 bar) and a 
branch line above a ceiling supplies sprinklers in a pendent posi- 
tion below the ceiling, the hanger assembly supporting the pipe 



su pp lyi n g an e n d s p ri n kl e r i n a p e n d e n t p os i ti o n sh a 1 1 be of a 
type that prevents upward movement of the pipe. 

9.2.3.4.3.2 The unsupported length between the end sprin- 
kler in a pendent position or drop nipple and the last hanger 
on the branch line shall not be greater than 12 in. (305 mm) 
for steel pipe or 6 in. (152 mm) for copper pipe. 

9.2.3.4.3.3 When the limit of 9.2.3.4.3.2 is exceeded, the pipe 
shall be extended beyond the end sprinkler and supported by 
an additional hanger. 

9.2.3.4.3.4 The hanger closest to the sprinkler shall be of a 
type that prevents upward movement of the piping. 

9.2.3.5* Unsupported Armover Length. 

9.2.3.5.1 The cumulative horizontal length of an unsup- 
ported armover to a sprinkler, sprinkler drop, or sprig-up shall 
not exceed 24 in. (610 mm) for steel pipe or 12 in. (305 mm) 
for copper tube. 

9.2.3.5.2* Unsupported Armover Length with Maximum Pres- 
sures Exceeding 100 psi. 

9.2.3.5.2.1 Where the maximum static or flowing pressure, 
whichever is greater at the sprinkler, applied other than 
through the fire department connection, exceeds 100 psi 
(6.9 bar) and a branch line above a ceiling supplies sprinklers 
in a pendent position below the ceiling, the cumulative hori- 
zontal length of an unsupported armover to a sprinkler or 
sprinkler drop shall not exceed 12 in. (305 mm) for steel pipe 
an d 6 i n . ( 1 5 2 m m ) fo r co p pe r tu be . 

9.2.3.5.2.2 The hanger closest to the sprinkler shall be of a 
type that prevents upward movement of the piping. 

9.2.3.6 Wall-mounted siclewall sprinklers shall be restrained 
to p reve n t m ove m e n t. 

9.2.4 Location of Hangers on Mains. 

9.2.4.1 Unless the requirements of 9.2.4.2, 9.2.4.3, 9.2.4.4, 
o r 9 . 2 . 4 . 5 are met:, ha n g e r s f o r m a i n s s h a 1 1 b e i n a c c o r d a n c e 



with 9.2.2 or between each brand 
lesser dimension. 



line, whichever is the 



9.2.4.2 For cross mains in steel pipe systems in bays having 
two branch lines, the intermediate hanger shall be permitted 
to be omitted provided that a hanger attached to a purlin is 
installed on each branch line located as near to the cross main 



Table 9.2.2.1 Maximum Distance Between Hangers (ft-in.) 















Nominal 


Pipe Size 


(in.) 












3 /4 


1 


1V4 


V/2 


2 


2 l /2 


3 


3'/2 


4 


5 


6 


8 


Steel pipe except threaded 


N/A 


12-0 


12-0 


15-0 


15-0 


15-0 


15-0 


15-0 


15-0 


15-0 


15-0 


15-0 


lightwall 


























Threaded lightwall steel 


N/A 


12-0 


12-0 


12-0 


12-0 


12-0 


12-0 


N/A 


N/A 


N/A 


N/A 


N/A 


pipe 


























Copper tube 


8-0 


8-0 


10-0 


10-0 


12-0 


12-0 


12-0 


15-0 


15-0 


15-0 


15-0 


15-0 


CPVC 


5-6 


6-0 


6-6 


7-0 


8-0 


9-0 


10-0 


N/A 


N/A 


N/A. 


N/A 


N/A 


Polybutylene (IPS) 


N/A 


3-9 


4-7 


5-0 


5-11 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


Polybutylene (CTS) 


2-1 1 


3-4 


3-11 


4-5 


5-5 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


Ductile iron pipe 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


15-0 


N/A 


15-0 


N/A 


15-0 


15-0 



For SI units, 1 in. = 25.4 mm; 1 ft. - 0.3048 m. 

N o te : 1 P S i r o n — p i p e s i ze ; CT S — c o p p e r t u b e s i ze . 
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as the location of the purlin permits. The remaining branch 
line hangers shall be installed in accordance with 9.2.3. 

9.2.4.3 For cross mains in steel pipe systems only in bays hav- 
ing three branch lines, either side or center feed, one (only) 
intermediate hanger shall be permitted to be omitted pro- 
vided that a hanger attached to a purlin is installed on each 
branch line located as near to the cross main as the location of 
the purlin permits. The remaining branch line hangers shall 
be i ns ta 1 1 e d i n a ceo rd an ce wi th 9.2.3. 

9.2.4.4 For cross mains in steel pipe systems only in bays hav- 
ing four or more branch lines, either side or center feed, two 
intermediate hangers shall be permitted to be omitted pro- 
vided the maximum distance between hangers does not ex- 
ceed th e d i s tan ces spe c i fi e d i n 9 .2.2 a n d a h an ge r attach e d to 
a purlin on each branch line is located as near to the cross 
main as the purlin permits. 

9.2.4.5 At the end of the main, intermediate trapeze hangers 
shall be installed unless the main is extended to the next fram- 
ing mem bei- with a hanger installed at this point, in which 
eve n t a n i n te rm e d i ate h a n ge r sh al I be pe rm i tte d to be om i tte d 
in accordance with 9.2.4.2, 9.2.4.3, and 9.2.4.4. 

9.2.5 Support of Risers. 

9.2.5.1 Risers shall be supported by pipe clamps or by hang- 
e rs 1 oca ted o n th e h o r i zo n tal con n e c ti o ns wi thin 24 i n . of the 
ce n te rli n e of th e riser. 

9.2.5.2 Pipe clamps supporting risers by means of set screws 
shall not be used. 

9.2.5.3 Multistory Buildings. 

9.2.5.3.1 In multistory buildings, riser supports shall be pro- 
vided at the lowest level, at each alternate level above, above 
and below offsets, and at the top of the riser. 

9.2.5.3.2 Supports above the lowest level shall also restrain 
the pipe to prevent movement by an upward thrust where flex- 
ible fittings are used. 

9.2-5.3.3 Where risers are supported from the ground, the 
g ro u n d s u p po r t s h al 1 c o n s ti tu te th e fi rs t level of ri se r s up port. 

9.2.5.3.4 Where risers are offset or do not rise from the 
ground, the first ceiling level above the offset shall constitute 
the first level of riser support. 

9.2.5.4 D i s ta n c e be twe e n s 1 1 p p o r Is for ri s e rs s h al 1 1 i o t exceed 
25 ft (7.6 m). 

9.3 Protection of Piping Against Damage Where Subject to 
Earthquakes. 

9.3.1* General. 

9.3.1.1 Where water-based fire protection systems are re- 
quired to be protected against damage from earthquakes, the 
requirements of Section 9.3 shall apply, unless the require- 
ments of 9.3.1.2 are met. 

9.3.1.2 Al te \n a ti ve m e thod s of p ro vi d i n g ea rthq uake p r o te c- 
tion of sprinkler systems based on a seismic analysis certified 
by a registered professional engineer such that system perfor- 
mance will be at least equal to that of the building structure 
under expected seismic forces shall be permitted. 

9.3.2* Couplings. 

9.3.2.1 Listed flexible pipe couplings joining grooved end pipe 
shall be provided as flexure joints to allow individual sections of 



piping 2¥z in. (64 mm) or larger to move differentially with the 
individual sections of the building to which it is attached. 

9.3.2.2 Couplings shall be arranged to coincide with struc- 
tural separa ti ons wi th i n a bu i Id i n g. 

9.3.2.3 Sys te m s h avi n g m o re fi exi b J e c o u pi i n gs th a n req ti i re d 
by this section shall be provided with additional sway bracing 
as required in 9.3.5.3.6. The flexible couplings shall be in- 
stalled as follows; 

( 1 ) Wi th in 2 4 in. ( 6 1 m m ) of th e top an d bo tto m of a 1 1 r i se rs , 
un 1 ess th e f o 1 1 o wi n g p ro vi si o n s a re m e t: 

(a) In risers less than 3 ft (0.9 m) in length, flexible cou- 
plings are permitted to be omitted. 

(b) In risers 3 ft to 7 ft (0.9 m to 2.1 m) in length, one 
flexible coupling is adequate. 

( 2 ) * Wi th i n 1 2 i n . (305 m m ) above an d wi th in 24 i n . be 1 o w th e 

floor in multistory buildings. When the flexible coupling 
below the floor is above the tie-in main to the main sup- 
plying that floor, a flexible coupling shall be provided on 
the vertical portion of the tie-in piping. 

(3) On both sides of concrete or masonry walls within 1 ft of 
the wall surface, unless clearance is provided in accor- 
dance with 9.3.4. 

( 4 ) * Wi th i n 24 in . (610 mm ) of bu i 1 d i n g expa ns i on j oi n ts . 

( 5 ) Wi th i n .2 4 i n .(61 m m ) o f th e top an d botto m o f ' d ro ps to 
hose lines, rack sprinklers, and mezzanines, regardless of 
pipe size. 

(6) Within 24 in. (610 mm) of the top of drops exceeding 
15 ft (4.6 m) in length to portions of systems supplying 
more than one sprinkler, regardless of pipe size. 

( 7 ) Above and below an y i n term eel i ate po i n ts of s u p p or t for a 
riser or other vertical pipe. 

9.3.3* Seismic Separation Assembly. Seismic separation as- 
semblies with flexible fittings shall be installed where sprinkler 
piping, regardless of size, crosses building seismic separation 
joints above ground level. 

9.3.4* Clearance. 

9.3.4.1 Clearance shall be provided around all piping extend- 
ing through walls, floors, platforms, and foundations, including 
drains, fire department connections, and other auxiliary piping. 

9.3.4.2 Unless the requirements of 9.3.4.3, 9.3.4.4, or 9.3.4.5 
are met, where pipe passes through holes in platforms, foun- 
dations, walls, or floors, the holes shall be sized such that the 
diameter of the holes is nominally 2 in. (51 mm) larger than 
the pipe for 1-in. (25.4-mm) nominal to 3 ! /2-in. (89-mm) nomi- 
nal and 4-in. (102-mm) larger than the pipe for pipe 4 in. 
(102 mm) nominal and larger. Clearance from structural 
members not penetrated or used collectively or indepen- 
dently to support the pipe shall be at least 2 in. (51 mm). 

9.3.4.3 Where clearance is provided by a pipe sleeve, a nomi- 
nal d i am e te r 2 in . ( 5 1 m m ) 1 a rge r than th e n om i n al d i am e te r 
of the pipe is acceptable for pipe sizes 1 in. (25.4 mm) through 
3/2 in. (89 mm), and the clearance provided by a pipe sleeve 
of n om i n al di am e ter 4 i n . (10 2 m m ) large r th an th e n o m i n al 
diameter of the pipe is acceptable for pipe sizes 4 in. 
(102 m m ) a n d 1 a rger. 

9.3.4.4 No clearance is required for piping passing through 
gypsum board or equally frangible construction that is not 
required to have a lire resistance rating. 

9.3.4.5 No clearance is required if flexible couplings are lo- 
cated within 1 ft (0.31 m) of each side of a wall, floor, platform, 
or foundation. 
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9.3.4.6 No clearance is required where horizontal piping 
passes perpendicularly through successive studs or joists that 
form a wall or floor/ceiling assembly. 

9.3.4.7 No clearance is required where nonmetallic pipe has 
been demonstrated to have inherent flexibility equal to or 
greater than the minimum provided by flexible couplings lo- 
cated within 1 ft (0.3 m) of each side of a wall, floor, platform, 
or foundation. 

9.3.4.8 Where required, the clearance shall be filled with a 
flexible material such as mastic. 

9.3.4.9 Clearance from structural members not penetrated 
or used, collectively or independently, to support the piping- 
shall be at least 2 in. (51 mm). 

9.3.5* Sway Bracing. 

9.3.5.1 General. 

9.3.5.1.1 The system piping shall be braced to resist: both 
lateral and longitudinal horizontal seismic loads and to pre- 
ve n t ve r ti c al m o ti o n re s u 1 ti n g fro m s e i s m i c loads. 

9.3.5.1.2 The structural components to which bracing is at- 
tached shall be determined to be capable of carrying the 
added applied seismic loads. 

9.3.5.2 Sway Bracing. 

9.3.5.2.1 Sway b races s h al 1 be d esi gn ed to wi th s tan d fore es i n 
te n s i on an d com p ress i o n , u n 1 ess th e requi re m e n ts of 9 . 3 . 5 . 2 . 2 
are met. 

9.3.5. 2. 2* Tension-only bracing systems shall be permitted 
for use where listed for this service and where installed in 
accordance with their listing limitations, including installa- 
tion instructions. 

9.3.5.3 Lateral Sway Bracing. 

9.3.5.3.1 Late r a 1 s wa y b r ac i n g s p ac e d a t a m axi m u m i n te rva 1 

of 40 ft; (12.2 m) on center shall be provided on all feed and 
c ross m a i n s re ga rd 1 ess of s i ze a n d al 1 b ra n c h li n es an d o th e r 
p i p i n g wi th a d i am e te r o f 2 Vz in. ( 63 . 5 m m ) a n d larger. 

9.3.5.3.2 The distance between the last brace and the end of 
the pipe shall not exceed 20 ft (6.1 m). 

9.3.5.3.3 The requirements of 9.3.5.3.1 and 9.3.5.3.2 shall 
not apply where building primary structural members exceed 
40 ft (1 2.2 m) on center, lateral braces shall be permitted to be 
spaced up to 50 ft (15.2 m) on center, and the distance be- 
tween the last brace and the end of the pipe shall be permitted 
to be extended to 25 ft (7.6 m). 

9.3.5.3.4 Th e 1 as 1 1 e n g th o f p i pe a t th e e n d of a f e e d o r cross 
main shall be provided with a lateral brace. 

9.3.5.3.5 La te ral b ra ces sh al 1 be a 1 1 owed to act as 1 o n gi tu d i n al 
braces if they are within 24 in. (610 mm) of the centerline of 
the piping braced longitudinally for lines that are 2 '/a in. 
(63.5 mm) and greater in diameter. 

9.3.5.3.6 Where flexible couplings are installed on mains 
other than as required in 9.3.2, a lateral brace shall be pro- 
vi d ed wi th i n 2 4 i n . (6 1 i n m ) of eve- ry o th e r coupl i n g , bu t n o t 
more than 40 ft (12.2 m) on center. 

9.3.5.3.7 The re q u i re in e n ts of 9 .3.5.3 s h al 1 n o t app ly to pipes 
i n d ivi d ua 1 ly s u p po r te d by rod s less th a n 6 i n . ( 1 5 2 m m ) Ion g 
m eas u red be twe e n th e to p of th e p i p e an d th e po i n t of a ttach- 
m e n t to th e bu i 1 d i n p s tr u c tu re . 



9.3.5.3.8 The requirements of 9.3.5.3 shall not apply where 
U-type hooks of the wraparound type or those U-type hooks 
arranged to keep the pipe tight to the underside of the struc- 
tural element shall be permitted to be used to satisfy the re- 
quirements for lateral sway bracing, provided the legs are bent 
out at least 30 degrees from the vertical and the maximum 
1 e ngth of eac h leg a n d th e rod s i ze satis fi es th e co n d i t i o n s o f 
Table 9.3.5.8.9(a), Table 9.3.5.8.9(b), and Table 9.3.5.8.9(c). 

9.3.5.4 Longitudinal Sway Bracing. 

9.3.5.4.1 Longitudinal sway bracing spaced at a maximum 
of 8 ft (24.4 m ) o n c e n te r s h a 11 be p r o vi d e d fo r f e e d a n d 
cross mains. 

9.3.5.4.2 Longitudinal braces shall be permitted to serve as 
lateral braces where they are installed within 24 in. (610 mm) 
of the piping that is braced laterally. 

9.3.5.4.3 The distance between the last brace and the end of 
the pipe shall not exceed 40 ft (12.2 m). 

9.3.5.5 Risers. 

9.3.5.5.1* Tops of risers exceeding 3 ft (I m) in length shall be 
provided with a four-way brace. 

9.3.5.5.2 Distance between four-way braces for risers shall not 
exceed 25 ft (7.6 m). 

9.3.5.5.3 Four-way bracing shall not be required where risers 
penetrate intermediate floors in multistory buildings where 
the clearance does not exceed the limits of 9.3.4. 

9.3.5.6* Horizontal Force Factors. 

9.3.5.6.1 Unless the requirements of 9.3.5.6.2 are met, the 
horizontal loads for braces shall be determined by analysis 
based on a horizontal force of F f> = 0.5 W p , where F p is the 
h o ri zo n tal fo rce f ac to r an d \V p i s 1 . 1 5 ti m e s the we i gh t o f th e 
water-fi 1 led piping. 

9.3.5.6.2 Where the use of horizontal force factors other than 
th e h o rizon tal fo rce fac tor re q u i red by 9.3.5.6. 1 i s re q u i re d o r 
pe rm i tted by th e an th o ri ty h avi n g j u r i sd i c ti o n , th ey s h al 1 ta ke 
precedence. 

9.3.5.6.3 For lateral braces, the load shall include all branch 
lines and mains, unless the branch lines are provided with longi- 
tu d i nal brae i n g , wi th i n th e zo n e o f i n f 1 1 1 e n ce of t h e b r ac e . 

9.3.5.6.4 For longitudinal braces, the load shall include all 
mai n s wi th i n th e zo n e of i n fl tie nee o f th e b ra ce . 

9.3.5.7 Horizon tal Force Factors . W he re th e h o r i zo n ta 1 force 
factors used exceed 0.5 W fi and the brace angle is less than 
45 degre es fro m ver ti cal o r w h e re th e h o r i zo n ta 1 fo rce fac to r 
exceeds 1.0 W p and the brace angle is less than 60 degrees 
from vertical, the braces shall be arranged to resist the net 
vertical reaction produced by the horizontal load. 

9.3.5.8* Horizontal Loads. 

9.3.5.8.1 Sway bracing shall be tight. 

9.3.5.8.2 For individual braces, the slenderness ratio (l/r) 
shall not exceed 300 where /is the length of the brace and ris 
the leas t rad i u s o f gy ra ti o n . 

9.3.5.8.3 Where threaded pipe is used as part of a sway brace 
assembly, it shall not be less than Schedule 30. 

9.3.5.8.4 All par ts and fi tti n gs o f a b rac e sh a 11 li e i n a s t ra i gh t 
line to avoid eccentric loadings on fittings and fasteners. 
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9.3.5.8.5 Fo r 1 o n gi tu d i n a 1 b race s on 1 y, th e brace sh al 1 be pe r- 
mitted to be connected to a tab welded to the pipe in conform- 
ance with 6.5.2. 

9.3.5.8.6 For individual braces, the slender ness ratio, l/r, 
shall not exceed 300 where /.is the length of the brace and ris 
th e leas t rad i u s of gy rati on . 

9.3.5.8.7 For tension-only braces, two tension-only brace 
components opposing each other must be installed at each 
1 a te r a 1 or 1 o n g i 1 1 1 d i n a 1 b race location. 

9.3.5.8.8 Fo r al I b rac es , wh e th e r o r n o t li ste d , th e maxi m u in 
al Iowa bl e h o r i zon tal 1 oa d s h a 1 1 be base d o n th e we akes t com- 
ponent of the brace with safety factors. 

9.3.5.8.9 The loads determined in 9.3.5.6 shall not exceed the 
lesser of the maximum allowable loads provided in 
Table 9.3.5.8.9(a), Table 9.3.5.8.9(b), and Table 9.3.5.8.9(c) or 
the manufacturer's certified maximum allowable horizontal 
loads for 30- to 44-degree, 45- to 59-degree, 60- to 89-degree, and 
90-degree brace angles. 

9.3.5.8.10 These certified allowable horizontal loads must in- 
clude a minimum safety factor of 1.5 against the ultimate 
break strength of the brace components and then be further 
re d u ced a ceo rd i n g to th e b race an gl es . 

9.3.5.8.11 Other pipe schedules and materials not specifi- 
cally included in Table 9.3.5.8.9(a), Table 9.3.5.8.9(b), and 
Table 9.3.5.8.9(c) shall be permitted to be used if certified 
by a registered professional engineer to support the loads 
determined in accordance with the above criteria. Calcula- 
tions shall be submitted where required by the authority 
having jurisdiction. 



9.3.5.9* Fasteners. 

9.3.5.9.1 For individual fasteners, the loads determined in 
9.3.5.6 shall not exceed the allowable loads provided in Fig- 
ure 9.3.5.9.1. 

9.3.5.9.2 The type of fasteners used to secure the bracing 
assembly to the structure shall be limited to those shown in 
Figure 9.3.5.9.1. 

9.3.5.9.3 For connections to wood, through-bolts with wash- 
ers on each end shall be used, unless the requirements of 

9.3.5.9.4 are met. 

9.3.5.9.4 Where it is not practical to install through bolts due 
to the thickness of the member or inaccessibility, lag screws 
shall be permitted. Holes shall be pre-d rilled '/a in. (3.2 mm) 
smaller than the maximum root diameter of the lag screw. 

9.3.5.9.5 Holes for through bolts shall be '/jo in. (1.6 mm) 
greater than the diameter of the bolt. 

9.3.5.9.6 The requirements of 9.3.5.9 shall not apply to other 
fastening methods, which shall be acceptable for use if certi- 
fied by a registered professional engineer to support the loads 
determined in accordance with the criteria in 9.3.5.9. Calcula- 
tions shall be submitted where required by the authority hav- 
ing jurisdiction. 

9.3.5.10 Assemblies. 

9.3.5.10.1 Sway bracing assemblies shall be listed for a maxi- 
m u m load rati n g, u n 1 e ss th e req u i re m e n ts of 9 . 3 . 5 . 1 ( .) . 2 are m e t . 

9.3.5.10.2 Wh e re sway braci n g u ti 1 izi n g pi pe , a n gl es , flats , o r 
rods as shown in Table 9.3.5.8.9(a), Table 9.3.5.8.9(b), and 
Table 9.3.5.8.9(c) is used, the components do not require list- 
ing. Bracing fittings and connections used with those specific 
materials shall be listed. 



Table 9.3.5.8.9(a) Maximum Horizontal Loads for Sway Braces with //r=100 



Shape and Size 



Maximum Horizontal Load (lb) 



Least Radius of 
Gyration 



Maximum Length 
for: 



30° to 44° Angle 45° to 59° Angle 60° to 90° Angle 
from Vertical from Vertical from Vertical 



Pipe (Schedule 40) 



-R 



+ r-" 



Z/r =100 



1 in. 
l>/iin. 
VAm. 

2 in. 



% in. 
'/a in. 
% in. 
% in. 
% in. 



0.42 
0.54 
0.623 

0.787 



0.094 
0.125 
0.156 
0.188 
0.219 



3 ft 6 in. 


7,068 


9,996 


12,242 


4 ft 6 in. 


9,567 


13,530 


16,570 


5 ft 2 in- 


11,441 


16,181 


19,817 


6 ft 6 in. 


15,377 


21,746 


26,634 




Oft 9 in. 
1 ftOin. 
] ft 3 in. 
1 ft 6 in. 
1 ft 9 in. 



1,580 


2,234 


2,737 


2,809 


3,972 


4,865 


4,390 


6,209 


7,605 


6,322 


8,941 


10,951 


8,675 


12,169 


14,904 



2002 Edition 



HANGING, BRACING, AND RESTRAINT OF SYSTEM PIPING 



13-89 



Table 9.3.5.8.9(b) Maximum Horizontal Loads for Sway Braces with //r=200 



Shape and Size 



Maximum Horizontal Load (lb) 



Least Radius of Gyration Maximum Length for: 



30° to 44° Angle 
from Vertical 



45° to 59° Angle 
from Vertical 



60° to 90° Angle 
from Vertical 



Pipe (Schedule 40) 



^ 



+ r. 



//r -200 



1 in. 
VAm. 
l'/2in. 

2 in. 



0.42 
0.54 
0.623 

0.787 



7 ft in. 

9 ft in. 

10 ft 4 in. 
13 ft 1 in. 



1,767 


2,500 


3,061 


2,392 


3,385 


4,145 


2,858 


4,043 


4,955 


3,828 


5,414 


6,630 



Angles 



l/r= 200 



JM>x l'/^% in. 


0.292 


2 x 2 x »/i in. 


0.391 


2'/:x2 x /»in. 


0.424 


2'/2x2'/2x VUn. 


0.491 


3 x 2'/2 x 1/4 in. 


0.528 


3 x 3 x '/} in. 


0.592 



4 ft 10 in. 

6 ft 6 in. 

7 ft in. 

8 ft 2 in. 

8 ft 10 in. 

9 ft 10 in. 



2,461 


3,481 


4,263 


3,356 


4,746 


5,813 


3,792 


5,363 


6,569 


4,257 


6,021 


7,374 


4,687 


6,628 


8,118 


5,152 


7,286 


8,923 



Rods 



/A =200 



% in. 
V> in. 
¥s in. 
% in. 
% in. 



0.094 
0.125 
0.156 
0.188 
0.219 



1 ft 6 in. 

2 ft 6 in. 

2 ft 7 in. 

3 ft I in. 
3 ft 7 in. 



395 


559 


685 


702 


993 


1,217 


1,087 


1,537 


1 ,883 


1,580 


2,235 


2,737 


2,151 


3,043 


3,726 



Flats 



= 0.29A (where h is smaller 
of two side dimensions) 



/A- 200 



1/2X i/ 4 in. 
2 x V\ in. 
2 x % in. 



0.0725 
0.0725 
0.109 



1 ft 2 in. 
1 ft 2 in. 
1 ft 9 in. 



1,118 


1,581 


1 ,936 


1,789 


2,530 


3,098 


2,683 


3,795 


4,648 



Table 9.3.5.8.9(c) Maximum Horizontal Loads for Sway Braces with //r=300 



Maximum Horizontal Load (lb) 



Shape and Size 



Least Radius of Gyration Maximum Length for: 



30° to 44° Angle 
from Vertical 



45° to 59° Angle 
from Vertical 



60° to 90° Angle 
from Vertical 



Pipe (Schedule 40) 



K+r 



/A- 300 



1 in. 

min. 

1/2 in. 

2 in. 



0.42 
0.54 
0.623 

0.787 



10 ft 6 in. 
13 ft 6 in. 
15 ft 7 in. 
19 ft 8 in. 



786 


1,111 


1,360 


1,063 


1 ,503 


1,841 


1,272 


1,798 


2,202 


1,666 


2,355 


2,885 



Rods 



/A- 300 



% in. 
'/2 in. 
% in. 
% in. 



0.094 
0.125 
0.156 
0.219 



2 ft 4 in. 

3 ft I in. 
3 ft 11 in. 

5 ft 6 in. 



176 
312 

488 
956 



248 


304 


441 


540 


690 


845 


352 


1 ,656 
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Note: Loads (given in pounds) are keyed to vertical angles of braces and orientation of connecting surface. These values are based on concentric loadings of the fastener. 
Use figures to determine proper reference within table. For angles between those shown, use most restrictive case. Braces should not be attached to light structure members. 



i 





Brace 

45° to 59° 





Fastener 



Brace 



60° to 90° 



Minimum 

V2 depth 

of beam 

but not 

< 3 in, (76 mm) 

for wood beams 



Note: For wooden beams not less than 3 in. (76 mm). 




30° to 44 c 



Minimum 
four fastener 
diameters 
but not < 1 /3 
beam depth and 
not < 3 in. (76 mm) 
for wood beams 



Fast- 
ener 



Minimum Vi 



| depth of 



6 



Brace 
v 30° to 44° 



beam but not 
< 3 in. (76 mm) 
for wood beams 



\ 




Minimum 

four fastener 

diameters 

but not 

< Vz beam 

depth and 

not < 3 in. (76 mm) 

for wood beams 




Minimum Vfe 
depth of 
beam but not 
< 3 in. (76 mm) 
for wood beams 



45° to 59° 



^ 1_ 


CD jS 

c= ^r 

s^ Brace 

M 

\^J 60° to 90 c 

/ 


Minimum 
four fastener 
diameters 
but not 

< Vz beam 
depth and not 

< 3 in. (76 mm) 
for wood beams 



> 

3 



pa 

a 

3 

pa 

X 

§" 

d 
3 

r 

o 
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Lag Screws and Lag Bolts in Wood (Load Perpendicular to Grain — Holes Predrilled Using Good Practice) 

Shank Diameter of Lag (in.) 
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% 








% 








A 


B 


C 


D 


E 


F 


G H 1 


A 


B 


C 


D 


E F 


G 


H i 


A 


B 


C 


D 


E F 


G 


H I 


ABC 


D E F 


G H I 




3 


304 


325 


292 


168 


325 


526 


230 324 400 


366 


— 


— 


— 


— 632 


— 


— — 


410 


— 


— 


— 


— 716 


— 


— — 


487 — — 


— — 843 


_ _ _ 


Length 


4 


392 


354 


317 


183 


354 


678 


250 352 435 


473 


509 


456 


264 


509 818 


360 


507 626 


538 


— 


— 


— 


— 929 


— 


— — 


548 — — 


— — 1122 


— — — 


head 


5 


476 


375 


336 


194 


375 


824 


265 373 461 


582 


545 


488 


282 


545 1008 


385 


542 670 


687 


728 


653 


277 


728 1154 


515 


725 896 


813 — — 


— — 1 407 


_ _ _ 


(in.) 


6 


564 


382 


342 


196 


382 


976 


270 380 470 


689 


559 


501 


288 


559 1192 


395 


556 687 


791 


778 


697 


403 


778 1360 


550 


775 957 


971 — — 


— — 1 630 


_ _ _ 




8 
















905 


573 


513 


296 


573 1586 


405 


570 704 


1044 


806 


723 


416 


806 1807 


570 


803 991 


1297 1365 1223 


685 1365 2244 


965 1359 1678 



For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m; 1 lb - 0.45 kg. 
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Through Bolts in Wood (Load Perpendicular to Grain) 
Diameter of Bolt (in.) 



CO 
CO 
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8. 
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y 2 














% 












Vb 










ABCE 


D 


F 


G 


H 


I 


ABCE 


D 


F 


G 


H 


I 


ABCE 


D 


F 


G 


H 


I 


ABCE 


D 


F 


G 


H 


i 


Length 


Vh 


300 


173 


519 


150 


211 


261 


340 


197 


589 


170 


239 


296 


390 


225 


675 


195 


275 


339 


470 


272 


614 


235 


331 


409 


of 
Bolt 


2 


370 


214 


641 


185 


261 


322 


420 


243 


727 


210 


296 


365 


470 


272 


814 


235 


331 


409 


580 


335 


1004 


290 


408 


504 


2V 2 


460 


266 


796 


230 


324 


400 


550 


318 


952 


275 


387 


478 


620 


358 


1074 


310 


437 


539 


760 


439 


1316 


380 


535 


661 


Timber 


3 


480 


277 


831 


240 


338 


417 


630 


364 


1091 


315 


444 


548 


710 


410 


1229 


355 


500 


617 


870 


503 


1506 


435 


613 


757 


(in.) 


3% 


460 


268 


797 


230 


324 


400 


720 


416 


1247 


360 


507 


626 


850 


491 


1472 


425 


599 


739 


1050 


607 


1818 


525 


739 


913 




5Va 














680 


393 


1177 


340 


479 


591 


1020 


590 


1766 


510 


718 


887 


1580 


913 


2736 


790 


1113 


1374 



For Si units, 1 in. = 25.4 mm; 1 lb = 0.45 I 



1 /4 



% 



1 /2 



A 


B 


C 


D 


E 


F 


G 


H 


I 


400 


500 


600 


300 


500 


650 


325 


458 


565 



ABCDEFGH I 

900 1200 1400 800 1200 1550 735 1035 1278 



ABCDEFGH I 

1600 2050 2550 1450 2050 2850 1300 1830 2260 



ABCDEFGH t 

2500 3300 3950 2250 3300 4400 2045 2880 3557 



For SI units, 1 in. = 25.4 mm; 1 ft = 0.3048 m; 1 lb = 0.45 kg. 
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Expansion Shields in Concrete 
Diameter of Bolt (in.) 



5 



% 



V2 

ABCDEFGHI 

_ — — _ _ _ 1638 2306 2848 
923 1782 2076 1200 1782 1597 1638 2306 2848 

— — — — — — 1638 2306 2848 

— — — — — — 1638 2306 2848 



% 

ABCDEFGHI 

_______ 208029303617 

_______ 208029303617 

1480 2857 2637 1524 2857 2581 2080 2930 3617 
— — — — — — 208029303617 



% 

ABCDEFGHI 

— — — — — — 2470 4113 5078 

— — — — — — 2970 4113 5078 

— — — — — — 2970 4113 5078 
3070 4130 3702 2139 4130 5312 2970 4113 5078 



Min. 

Depth 

of 

Hole 

(in.) 



B C D E F G H I 

962 1173 678 668 860 925 1303 1609 

— — — — — 925 1303 1609 

— — — — — 925 1303 1609 

— — — — — 925 1303 1609 



I 



For SI units, 1 in. = 25.4 mm; 1 ib = 0.45 kg. 



Connections to Steel (Values Assume Bolt Perpendicular to Mounting Surface) 
Diameter of Unfinished Steel Bolt (in.) 



35 

H 



I 



13-92 



INSTALLATION OF SPRINKLER SYSTEMS 



Table 9.3.5.10.3 Allowable Horizontal Load on Brace 
Assemblies Based on the Weakest Component of the Brace 
Assembly 



Brace Angle 



Allowable Horizontal Load 



30-44 degrees from vertical 
45-59 degrees from vertical 
60-89 degrees from vertical 
90 degrees from vertical 



Listed load rating divided 

by 2.000 
Listed load rating divided 

by 1.414 
Listed load rating divided 

by 1.155 
Listed load rating 



9.3.5.10.3 The loads shall be reduced as shown in Table 
9.3. 5 .10. 3 f o r 1 oa ds th at are 1 ess th an 9 degre es from ve rti cal . 

9.3.5.11 Attachments. 

9.3.5.11.1 Bracing shall be attached directly to feed and 
cross mains. 

9.3.5.11.2 Each run of pipe between changes in direction 
shall be provided with both lateral and longitudinal bracing, 
unless the requirements of 9.3.5.11.3 are met. 

9.3.5.11.3 Pipe runs less than 12 ft (3.6 m) in length shall 
be permitted to be supported by the braces on adjacent 
runs of pipe. 

9.3.5.12 Braces to Buildings with Differential Movement. A 

length of pipe shall not be braced to sections of the building 
that will move differentially. 

9.3.6 Restraint of Branch Lines. 

9.3.6.1* Restraint is considered a lesser degree of resisting 
loads than bracing and shall be provided by use of one of the 
following: 

( 1 ) A listed sway brace assembly 

(2) A wraparound U-hook satisfying the requirements of 
9.3.5.3.8 

(3) No. 12, 440-1 b (200-kg) wire installed at least 45 degrees 
from the vertical plane and anchored on both sides of 
the pipe 

(4) Other approved means 

9.3.6.2 Wire used for restraint shall be located within 2 ft 
(61 mm) of a hanger. The hanger closest to a wire restraint shall 
be of a type that resists upward movement of a branch line. 

9.3.6.3 The e n d sp ri n kl er on a 1 i n e s h al 1 be res trai ned again s t 
excessive vertical and lateral movement. 

9. 3. 6. 4* Where upward or lateral movement; of the system piping 
would result in damage to the sprinkler through impact against 
the building structure, equipment, or finish materials, branch 
lines shall be restrained at intervals not exceeding 30 ft (9 m). 

9.3.6.5* Sprig-ups 4 ft (1.2 m) or longer shall be restrained 
agai ns 1 1 ate ral m o ve m e n t. 

9.3.7 Hangers and Fasteners Subject to Earthquakes. 

9.3.7.1 C-type clamps (including beam and large flange 
clamps) used to attach hangers to the building structure in areas 
subject to earthquakes shall be equipped with a restraining strap. 



9.3.7.2 The restraining strap shall be listed for use with a 
C-type clamp or shall be a steel strap of not less than 16 gauge 
thickness and not less than 1 in. (25.4 mm) wide for pipe 
diameters 8 in. (203 mm) or less and 14 gauge thickness and 
not less than 1 14 in. (31.7 mm) wide for pipe diameters greater 
than 8 in. (203 mm). 



rap around the beam 



9.3.7.3 The restraining strap shall 
flange not less than 1 in. (25.4 mm). 

9.3.7.4 A lock nut on a C-type clamp shall not be used as a 
method of restraint. 

9.3.7.5 A lip on a "C" or "Z" purlin shall not be used as a 
method of restraint. 

9.3.7.6 Where purlins or beams do not provide an adequate 
lip to be secured by a restraining strap, the strap shall be 
through-bolted or secured by a self-tapping screw. 

9.3.7.7 C-type clamps (including beam and large flange 
clamps), with or without restraining straps, shall not be used 
to attach braces to the building structure. 

9.3.7.8 Powder-driven fasteners shall not be used to attach 
braces to the building structure, unless they are specifically 
listed for service in resisting lateral loads in areas subject to 
earthquakes. 

9.3.7.9 In areas where the horizontal force factor exceeds 
0.50 Wp, powder-driven studs shall be permitted to attach 
hangers to the building structure where they are specifically 
listed for use in areas subject to earthquakes. 



Chapter 10 Underground Piping 

10.1* Piping Materials. 

10.1.1* Listing. Piping shall be listed for fire protection service 
and shall comply with the standards in Table 10.1.1. 

10.1.2 Steel Pipe. Steel piping shall not be used for general 
underground service unless specifically listed for such service. 

10.1.3 Steel Pipe Used with Fire Department Connections. 

Where externally coated and wrapped and internally galva- 
nized, steel pipe shall be permitted to be used between the 
check valve and the outside hose coupling for the fire depart- 
ment connection. 

10.1.4* Pipe Type and Class. The type and class of pipe for a 
particular underground installation shall be determined 
through consideration of the following factors: 

(1) Fire resistance of the pipe 

(2) Maximum system working pressure 

(3) Depth at which the pipe is to be installed 

(4) Soil conditions 

(5) Corrosion 

(6) Susceptibility of pipe to other external loads, including 
earth loads, installation beneath buildings, and traffic or 
vehicle loads 

10.1.5 Working Pressure. Pipe shall be designed to withstand 
a system working pressure of not less than 150 psi (10.3 bar). 

10.1.6* Lining of Buried Pipe. 

10.1.6.1 Unless the requirements of 10.1.6.2 are met, all fer- 
rous metal pipe shall be lined in accordance with the appli- 
cable s ta n dard s i n Tabl e 10.1.1. 
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Table 10.1.1 Manufacturing Standards for Underground 
Pipe 



Materials and Dimensions 



Standard 



Ductile Iron 

Cement Mortar Lining for Ductile Iron Pipe 

and liltings for Water 
Polyethylene Encasement Jar Ductile Iron Pipe 

Systems 
Ductile Iron and Gray Iron Fittings, 3-m. 

Through 48-in., for Water and Other Liquids 
Rubber-Gasket joints for Ductile Iron Pressure 

Pipe and Fittings 
Flanged Ductile Iron Pipe xoith Ductile Iron or 

Gray Iron Threaded Flanges 
'Thickness Design of Ductile Iron Pipe 
Ductile Iron Pipe, Centrifugally Cast for Water 
Standard for the Installation of Ductile Iron 

Water Mains and Their Appurtenances 



Steel 

Steel Water Pipe 6 in. and Larger 

Goal-Tar Protective Coalings and Linings for 

Steel Water Pipelines Enamel and Tape — 

Hot Applied 
Cement-Mortar Protective Lining and Coating 

for Steel Water Pipe 4 in. and, Larger — Shop 

Applied 
Field Welding of Steel Water Pipe 
Steel Pipe Flanges for Watenvorks Service — 

Sizes 4 in. Through 144 in. 
Dimensions for Fabricated Steel Water Pipe 

Fittings 
A Guide for Steel Pipe Design and Installation 

Concrete 

Reinforced Concrete Pressure Pipe, Steel-Cylinder 

Type, for Water and Other Liquids 
Pres tressed, Concrete Pressure Pipe, Steel-Cylinder 

Type, for Water and Other Liquids 
Reinforced, Concrete Pressure Pipe, Non-Cylinder 

Type, for Water and Other Liquids 
Reinforced, Concrete Pressure Pipe, Steel-Cylinder 

Type, Prelensioned, for Water and, Other 

Liquids 
Asbestos-Cement Distribution Pipe, 4 in. 

Ilirough 16 in., for Water and Other Liquids 
Standard, Practice for Selection of 

Asbestos- Cemen t Water Pipe 
Cement-Mortar Lining of Water Pipe Lines 

4 in. and, Larger — in, Place 
Standard, for the Installation of Asbestos-Cement 

Water Pipe 

Plastic 

Polyvinyl Chloride (PVC) Pressure Pipe, 4 in. 
Through 12 in., for Water and Other Liquids 

Copper 

Specification for Seamless Copper Tube 
Specification for Seamless Copper Water lube 
Requirements for Wrought Seamless Copper and, 
Copper-Alloy Tube 



AWWAC104 

AWWAC105 

AWWAC110 

AWWAClll 

AWWA CI 15 

AWWA CI 50 
AWWAC151 
AWWA C600 



AWWA C200 
AWWA C203 



AWWA C205 

AWWA C206 
AWWA C207 

AWWA C208 

AWWA MI I 

AWWA C300 
AWWAC301 
AWWA C302 

AWWA C303 

AWWA C400 
AWWAC401 

AWWA C602 
AWWA C603 

AWWA C900 



ASTM B 75 
ASTM B 88 
ASTM B 251 



10.1.6.2 Steel pipe utilized in lire department connections 
an d pro tected in acco rdan ce wi th th e re q u i re m e n ts of 1 . 1 . 3 
s h al 1 n o t be ad d i ti o n al ly req u i re d to be 1 i n ed . 

10.2 Fittings. 

10.2.1 Standard Fittings. Fittings shall meet the standards in 
Table 10.2.1(a) or shall be in accordance with 10.2.2. In addi- 
tion to the standards in Table 10.2.1(a), CPVC fittings shall 
al so be i n ac co rda n ce wi th 10.2.2 an d wi th th e po r ti o n s o f th e 
ASTM s tan dards s pec i fi ed i n Tab 1 e 10.21 ( b ) th at a p p 1 y to fi re 
protection service. 



Table 10.2.1(a) Fittings Materials and Dimensions 



Materials and Dimensions 



Standard 



Cast Iron 

Cast Iron Threaded Fittings, Class 125 and, 250 

Cast Iron Pipe Flanges and Flanged, Fittings 



Malleable Iron 

Malleable Iron Threaded Fittings, Class 150 
and 300 

Steel 

Factory-Made Wrought Steel Buttxudd Fittings 

ButtweMing Ends for Pipe, Valves, Flanges, and 

Fittings 
Specification for Piping Fittings of Wrought 

Carbon Steel and Alloy Steel for Moderate and 

Elevated Temperatures 
Steel Pipe Flanges and Flanged, Fittings 
Forged, Steel Fittings, Socket Welded, and, 

Threaded, 

Copper 

Wrought Copper and, Bronze Solder joint 

Pressure Fillings 
Cast Bronze Solder joint Pressure Fillings 



ASMEB'16.4 
ASMEB16.1 



ASME'B 1.6.3 



ASMEBI6.9 
ASMEB16.25 

ASTM A 234 



ASMEB16.5 
ASMEB16.il 



ASMEB16.22 
ASMEB16.18 



Table 10.2.1(b) Specially Listed Fittings Materials and 
Dimensions 



Materials and Dimensions 



Standard 



Chlorinated, Polyvinyl Chloride (CPVC) ASTM F 437 

Specification for Schedule 80 CPVC Threaded. 

Fittings 
Specification for Schedule 40 CPVC Socket-Type ASTM F 438 

Fillings 
Specification far Schedule 80 ASTM: F 439 

CPVC Socket-Type Fillings 



10.2.2 Special Listed Fittings. Other types of fittings investi- 
gate d f o r si i itab i 1 i ty i n an to m a t i c s p r i n k 1 e r i n s ta 1 1 a 1; i o n s a n d 
listed for this service including, but not limited to, polybu- 
tylene, CPVC, and steel differing from that provided in 
Tab 1 e 10.2.1(a), and shall be p e r m i tte d w h e n i n s tal led i n 
acco rdan c e wi t h their listi n g I i m i tat i o n s , i n c 1 ti d i n g i n s tal 1 a- 
tion instructions. 
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10.2.3 Pressure Limits. Listed fittings shall be permitted for 
system pressures as specified in their listings, but not less than 
150 psi (10 bar). 

10.2.4* Buried Joints. Joints shall be approved. 

10.2-5* Buried Fittings. Fittings shall be of an approved type 
with joints and pressure class ratings compatible with the pipe 
used. 

10.3 Joining of Pipe and Fittings. 

10.3.1 Threaded Pipe and Fittings. All threaded steel pipe 
and fittings shall have threads cut in accordance with ASME 
Bl.20.1, Pipe. Threads, General Purpose (Inch). 

10.3.2 Welded Pipe and Fittings. Welding methods that com- 
ply with the applicable requirements of AWS B2.1, Specification 

for Welding Procedure and Performance Qualification, shall be per- 
mitted as means of joining steel piping. 

10.3.3 Groove Joining Methods. Pipes joined with grooved fit- 
tings shall be joined by a listed combination of fittings, gaskets, 
and grooves. 

10.3.4 Brazed and Pressure Fitting Methods. Joints for the 
connection of copper tube shall be brazed or joined using 
pressure fittings as specified in Table 10.2.1(a), 

10.3.5 Other Joining Methods. Other joining methods listed 
for this service shall be permitted where installed in accor- 
dance with their listing limitations. 

10.3.6 Pipe Joint Assembly. 

10.3.6.1 Joints shall be assembled by persons familiar with 
the particular materials being used and in accordance with the 
man uf ac tu re r ' s i n s tru e ti ons a n d spe cification s . 

10.3.6.2 All bolted joint accessories shall be cleaned and 
thoroughly coated with asphalt or other corrosion-retarding 
mate rial af te r i n s tal 1 a ti o n . 

10.4 Depth of Cover. 

10.4.1* The depth of cover over water pipes shall be deter- 
mined by the maximum depth of frost penetration in the lo- 
cal i ty wh e re th e p i pe i s 1 ai d . 

10.4.2 The top of the pipe shall be buried not less than 1 ft 
(0.3m) be 1 o w th e f ros 1 1 i n e f o r th e 1 oca 1 i ty. 

10.4.3 In th os e 1 oca ti o n s wh e re f ros t i s n o t a fa c tor, th e de p th 
of cover shall be not less than 2 l A ft (0.8 m) to prevent me- 
chanical damage. 

10.4.4 Pipe under driveways shall be buried a minimum of 
3 ft (0.9 m). 

10.4.5 Pipe under railroad tracks shall be buried at a mini- 
mum of 4 ft (1.2 m). 

10.4.6 Th e d ep th of cove r sh a 1 1 be m easu re d fro m th e top of 
the pipe to finished grade, and due consideration shall always 
be given to future or final grade and nature of soil. 

10.5 Protection Against Freezing. 

10.5.1* Where it is impracticable to bury pipe, pipe shall be 
permitted to be laid ahoveground, provided the pipe is pro- 
tected against freezing and mechanical damage, 

10.5.2 Pipe shall be buried below the frost line where enter- 
i n g strea m s a n d o th e r bod i es of vvate r. 



10.5.3 Where pipe is laid in water raceways or shallow 
streams, care shall be taken that there will be sufficient depth 
of running water between the pipe and the frost line during all 
seasons of frost; a safer method is to bury the pipe I ft 
(0.3048m) or m o re u n d e r th e bed of th e wa te rway. 

10.5.4 Pipe shall be located at a distance from stream banks 
and embankment walls that prevents danger of freezing 
through the side of the bank. 

10.6 Protection Against Damage. 

10.6.1 Pipe s h a II no t be r u n u n d e r b u i 1 d i n gs . 

10.6.2 When pipe must be run under buildings, special pre- 
cautions shall be taken, including the following: 

(1) Arching the foundation walls over the pipe 

( 2 ) Ru n n i ng pi pe i n cove red tre n ch e s 

(3) Providing valves to isolate sections of pipe under 
buildings 

10.6.3 Fire service mains shall be permitted to enter the 
bu i 1 din g adj ace n t to th e f o u n d a ti o n , 

10.6.4 Where adjacent structures or physical conditions 
make it impractical to locate risers immediately inside an ex- 
terior wall, such risers shall be permitted to be located as close 
as p rac ti cal to exteri or walls to m i n i in i ze u n d e rg ro u n d piping 
under the building. 

10.6.5 Where a riser is close to building foundations, under- 
ground fittings of proper design and type shall be used to 
avoi d pipe j o i n ts being! oca ted i n o r u n d e r the f o u n d ati o n s . 

10.6.6 Mains shall be subjected to an evaluation of the follow- 
ing specific loading conditions and protected, if necessary: 

( 1 ) Main s r u n n i n g u n d e r rail road s ca r ry i n g h eavy ca rgo 

( 2 ) Mai n s ru n n i n g un de r 1 arge piles of h eavy com m od i ti es 

(3) Mains located in areas that subject the main to heavy 
shock and vibrations 

10.6.7* When it is necessary to join metal pipe with pipe of 
dissimilar metal, the joint shall be insulated against the pas- 
sage of an electric current using an approved method. 

10.6.8 In no case shall pipe specified in 10.6.7 be used for 
grounding of electrical services. 

10.7 Requirement for Laying Pipe. 

10.7.1 Pipes, valves, hydrants, and fittings shall be inspected 
for damage when received and shall be inspected prior to in- 
stallation. 

10.7.2 Th e to rq u i n g of bol ted j oi n ts shall be checked. 

10.7.3 Pipe, valves, hydrants, and fittings shall be clean 
inside. 

10.7.4 Wh en wo rk i s s to p pe d , th e open e nds of pi p e , valve s , 
hydrants, and fittings shall be plugged to prevent stones and 
f ore ign ma te ri als fro m e n te r i n g . 

10.7.5 AI 1 pip e , f i . tt in gs , val ve s , and h y d ra n ts s hall be care fu 1 ly 
lowered into the trench using appropriate equipment and 
carefully examined for cracks or other defects while sus- 
pended above the trench. 

10.7.6 PI ai n e nds s hall be i n s pe c ted for signs of d am age prior 
to installation. 

10.7.7 Under no circumstances shall water main materials be 
dropped or dumped. 
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10.7.8 Pipe shall not be rolled or skidded against other pipe 
materials. 

10.7.9 Pipes shall bear throughout their full length and shall 
not be supported by the bell ends only or by blocks. 

10.7.10 If ground is soft, or of a quicksand nature, special 
provisions shall be made for supporting pipe. 

10.7.11 Valves and fittings used with nonmetallic pipe shall be 
properly supported and restrained in accordance with the 
m an u fac ture r ' s s pec i 11 ca 1 i o n s . 

10.8 Joint Restraint. 

10.8.1 General. 

10.8.1.1* All tecs, plugs, caps, bends, reducers, valves, and hy- 
drant branches shall be restrained against movement by using 
thrust blocks in accordance with 10.8.2 or restrained joint sys- 
tems i n acco rd a n ce wi th 1 . 8 . 3 . 

10.8.1.2 Piping with fused, threaded, grooved or welded 
joints shall not require additional restraining, provided that 
such joints can pass the hydrostatic test of 10.10.2.2 without 
shifting of piping or leakage in excess of permitted amounts. 

10.8.1.3 Steep Grades. On steep grades, mains shall be addi- 
tionally restrained to prevent slipping. 

10.8.1.3.1 Pipe shall be restrained at the bottom of a hill and 
at any turns (lateral or vertical). 

10.8.1.3.2 The restraint specified in 10.8.1.3.1 shall be to 
natural rock or to suitable piers built on the downhill side of 
the bell. 

10.8.1.3.3 Bell ends shall be installed facing uphill. 

10.8.1.3.4 Straight runs on hills shall be restrained as deter- 
mined by the design engineer. 

10.8.2* Thrust Blocks. 

10.8.2.1 Thrust blocks shall be considered satisfactory where 
soil is suitable for their use. 

10.8.2.2 Thrust blocks shall be of a concrete mix not leaner 
than one part cement, two and one-half parts sand, and five 
parts stone. 

10.8.2.3 Thrust blocks shall be placed between undisturbed 
earth and the fitting to be restrained and shall be capable of 
such bearing to ensure adequate resistance to the thrust to be 
encountered. 

10.8.2.4 Wherever possible, thrust blocks shall be placed so 
that the joints are accessible for repair. 

10.8.3 Restrained Joint Systems. Fire mains utilizing re- 
s trai n e d j o i n t sys te m s s h al 1 in cl ude th e f o 1 1 o win g: 

(1) Locking mechanical or push-on joints 

( 2 ) iM echan i cal jo i n ts u ti 1 i zin g setscrew re tai ner gian ds 

(3) Bolted flange joints 

( 4 ) H eat-fuse d or wel d e d j o i n ts 

(5) Pipe clamps and tie rods 

( 6 ) O the r a p p rove d m e th od s o r devi ces 

10.8.3.1 Sizing Clamps, Rods, Bolts, and Washers. 
10.8.3.1.1 Clamps. 

10.8.3.1.1.1 Cl am ps s h al 1 h ave th e foil owi ng d i m e ns ions : 
(1) Vi in. x 2 in. (12.7 mm x 50.8 mm) for pipe 4 in. to 6 in. 



( 2 ) ¥s i n . x 2 Vi i n . ( 1 5 . 9 m m x 63 . 5 m m ) fo r p i pe Sin. to 1 i n . 

(3) % in. x 3 in. (15.9 mm x 76.2 mm) for 12-in. pipe 

10.8.3.1.1.2 The diameter of a bolt hole shall be Yu\ in. 
(1.6 mm) larger than that of the corresponding bolts. 

10.8.3.1.2 Rods. 

10.8.3.1.2.1 Rods shall be not less than % in. (15.9 mm) in 
diameter. 

10.8.3.1.2.2 Table 10.8.3.1.2.2 provides numbers of various 
diam e te r rods th a t sh al 1 be u se d fo r a gi ve n p i pe s i ze . 



Table 10.8.3.1.2.2 Rod Number — Diameter Combinations 



Nominal -, . „, . 7 , . , . 

. _. Vs in. ¥t in. 7 /8 in. 1 in. 

ttpeSMze (15>9mm ) (19.I mm) (22.2 mm) (25.4 mm) 

(in.) 



4 


2 


_ 


_ 


__„ 


6 


2 


— 


— 


— 


8 


3 


2 


— 


— 


10 


4 


3 


2 


— 


12 


6 


4 


3 


2 


14 


8 


5 


4 


3 


16 


10 


7 


5 


4 



Note: This table has been derived using pressure of 225 psi (15.5 bar) 
and design stress of 25,000 psi (.1.72.4 MPa). 



10.8.3.1.2.3 When using bolting rods, the diameter of me- 
chanical joint bolts shall limit the diameter of rods to ¥<\ in. 
(19.1 mm). 

10.8.3. 1 .2.4 Threaded sections of rods shall not be formed or 
bent. 

10.8.3.1.2.5 Where using clamps, rods shall be used in pairs 
for each clamp. 

10.8.3.1.2.6 Assembl ies i n wh i c h a re s tra i n t is m a d e by in e a n s 
of two clamps canted on the barrel of the pipe shall be permit- 
ted to use one rod per clamp if approved for the specific instal- 
lation by t h e an th o ri ty having] u r i s cl tcti o n . 

10.8.3.1.2.7 Where using combinations of rods in numbers 
greater than two, the rods shall be symmetrically spaced. 

10.8.3.1.3 Clamp Bolts. Clamp bolts shall have the following 
diameters: 

( 1 ) ¥h in. (15.9m m ) for pi pe 4 i n . , 6 i n . , an d 8 i n . 

( 2 ) '¥4 in . (19.1 m m ) fo r pipe 1 i n . 

(3) % in. (22.2 mm) for 12-in. pipe 

10.8.3.1.4 Washers. 

10.8.3.1.4.1 Washers shall be permitted to be cast iron or 
steel and round or square. 

10.8.3.1.4.2 Cast-iron washers shall have the following di- 
mensions: 

( 1 ) % in. x 3 i n . ( 1 5.9 m in x 76.2 m m ) fo r 4-i n . , 6-i n . , 8-i n . , 
and 10-in. pipe 

(2) ¥1 in. x 3/2 in. (19.1 mm x 88.9 mm) for 12-in. pipe 
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10.8.3.1.4.3 Steel was h ers sh al 1 h ave th e loll owi n g d i m en sio ns: 

(J) '/2 in. x 3 in. (12.7 mm x 76.2 rnm) for 4-in., 6-in., 8-in., 

and 10-in. pipe 
(2) '/j in. x W> in. (12.7 mm x 88,9 mm) for 12-in, pipe 

10.8.3.1.4.4 Th e d i a m e te r of It ol es sh a 11 be l /s i n . (3.2 m m ) 
1 a rge r th a n th a t ol rods . 

10.8.3.2 Sizes of Restraint Straps for Tees. 

10.8.3.2.1 Restraint straps for tees shall have the following" 
dimensions: 

( 1 ) % in. (1 5 .9 m m ) th i c k and 2 14 in. ( 6 3 . 5 m m ) wi d e for 
4-in., 6-in., 8-in., and 10-in. pipe 

( 2 ) % in. (1 5 . 9 mm) th i c k a n d 3 in. (76.2 m m ) wid e f o r 1 2-i n . 
pipe 

10.8.3.2.2 The diameter of rod holes shall be '/[<> in. (1.6 mm) 
la rge: r th a n th a t of rod s . 

10.8.3.2.3 Figure 10.8.3.2.3 and Table 10.8.3.2.3 shall be used 
in sizing the restraint straps for both mechanical and push -on 
joint tee fittings. 




Rod hole x ^ 

Rod hole 



FIGURE 1 0,8.3.2.3 Restraint Straps for Tees. 



10.8.3.3 Sizes of Plug Strap for Bell End of Pipe. 

10.8.3.3.1 Strap shall be : Ki in. (19.1 mm) thick and 2 ! /2 in. 
(63.5 mm) wide. 

10.8.3.3.2 The strap length shall be the same as dimension A 
for tee straps as shown in Figure 10.8.3.2.3. 

10.8.3.3.3 The distance between the centers of rod holes 
shall be the same as dimension B for tee straps as shown in 
Figure 10.8.3.2.3. 

10.8.3.4 Material. Clamps, rods, rod couplings or turnbuck- 
les, bolts, washers, restraint straps, and plug straps shall be of a 
material that has physical and chemical characteristics that 
indicate its deterioration under stress can be predicted with 
reliability. 

10.8.3.5* Corrosion Resistance. After installation, rods, nuts, 
bo 1 ts , was h e is , c 1 am ps , a n d o th e r re s t rai n i n g d e vie es s ha 11 be 



cleaned and thoroughly coated with a bituminous or other 
acceptable corrosion-retarding material. 

10.9 Backfilling. 

10.9.1 Backfill shall be tamped in layers or puddled under 
and around pipes to prevent settlement or lateral movement 
and shall contain no ashes, cinders, refuse, organic matter, or 
other corrosive materials. 

10.9.2 Rocks shall not be placed in trenches. 

10.9.3 Frozen earth shall not be used for backfilling. 

10.9.4 In trenches cut through rock, tamped backfill shall be 
used for at least 6 in. (150 mm) under and around the pipe 
and for at least 2 ft (0.6 m) above the pipe. 

10.10 Testing and Acceptance. 

10.10.1 Approval of Underground Piping. The installing con- 
tractor shall do the following: 

(1) Notifying the authority having jurisdiction and the own- 
er's representative of the time and date testing is to be 
performed 

( 2 ) Pe if o rm i n gall req u i re d acce p tan ce tes ts 

(3) Completing and signing the contractor's material and test 
cert ifi c a te ( s ) s h own i n Fi gu re 1 . 1 0.1. 

10.10.2 Acceptance Requirements. 
10.10.2.1* Flushing of Piping. 

10.10.2.1.1 Underground piping, from the water supply to 
the system riser, and lead-in connections to system riser shall 
be completely flushed before connection is made to down- 
stream fire protection system piping. 

10.10.2.1.2 The flushing operation shall be continued for a 
s uf fi cie n t ti m e to e nsu re th o ro ugh cl ea n i n g. 

10.10.2.1.3 T h e m i n i m u m ra te of 11 o w sh a 1 1 be n o 1 1 ess th an 
one of the following: 

( 1 ) Hydraulically calculated water demand rate of the system, 
including any hose requirements 

(2) Flow necessary to provide a velocity of 10 ft/ sec 
(3.1 m/sec) in accordance with Table 10.10.2.1.3 

(3) Maximum flow rate available to the system under fire 
conditions 

10.10.2.2 Hydrostatic Test. 

10.10.2.2.1* Al 1 pi pi n g a n d a tta c h e d a pp u r te n a n ces s u bj ec ted 
to system working pressure shall be hydrostatically tested at 
200 psi (13.8 bar) or 50 psi (3.5 bar) in excess of the system 
working pressure, whichever is greater, and shall maintain 
that pressure without loss for 2 hours. 



Table 10.8.3.2.3 Restraint Straps for Tees 



D 



Nominal Pipe Size (in.) 


in. 


mm 


in. 


mm 


in. 


mm 


in. 


mm 


4 


IVA 


318 


lO'/s 


257 


2'/2 


64 


PA 


44 


6 


14/2 


368 


12 '/a 


308 


3^10 


90 


2% 


71 


8 


16% 


425 


14-% 


365 


4% 


118 


3 2 %2 


99 


10 


\.9Yh> 


484 


16 ll /l6 


424 


5% 


146 


5 


127 


.12 


22Yi« 


567 


19-yjo 


487 


6% 


171 


5% 


149 
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Contractor's Material and Test Certificate for Underground Piping 



PROCEDURE 

Upon completion of work, inspection and tests shall be made by the contractor's representative and witnessed by an owner's 
representative. AH defects shall be corrected and system left in service before contractor's personnel finally leave the job. 

A certificate shall be filled out and signed by both representatives. Copies shall be prepared for approving authorities, owners, and 
contractor. It is understood the owner's representative's signature in no way prejudices any claim against contractor for faulty material, poor 
workmanship, or failure to comply with approving authority's requirements or local ordinances. 



Property name 



Date 



Property address 



Plans 



Accepted by approving authorities (names) 



Address 



Installation conforms to accepted plans 

Equipment used is approved 
If no, state deviations 



LJ Yes 
□ Yes 



J No 
II No 



Has person in charge of fire equipment been instructed as to location of 
control valves and care and maintenance of this new equipment? 
If no, explain 



□ Yes 



U No 



Instructions 



Have copies of appropriate instructions and care and maintenance 
charts been left on premises? 
If no, explain 



LJ Yes 



No 



Location 



Supplies buildings 



Pipe types and class 



Type joint 



Underground 
pipes and joints 



Pipe conforms to 
Fittings conform to 
If no, explain 



standard 
standard 



□ Yes 

□ Yes 



No 
No 



Joints needed anchorage clamped, strapped, or blocked in 

accordance with _____ ____ standard 

If no, explain 



Yes 



CIJ No 



Test 
description 



Flushing : Flow the required rate until water is clear as indicated by no collection of foreign material in burlap bags at 
outlets such as hydrants and blow-offs. Flush at flows not less than 390 gpm (1476 L/min) for 4-in. pipe, 880 gpm (3331 
L/min) for 6-in. pipe, 1560 gpm (5905 L/min) for 8-in. pipe, 2440 gpm (9235 L/min) for 10-in, pipe, and 3520 gpm (13,323 
L/min) for 12-in. pipe. When supply cannot produce stipulated flow rates, obtain maximum available. 
Hydrostatic: Hydrostatic tests shall be made at not less than 200 psi (13.8 bar) for 2 hours or 50 psi (3.4 bar) above 
static pressure in excess of 150 psi (10.3 bar) for 2 hours. 

Leakag e: New pipe laid with rubber gasketed joints shall, if the workmanship is satisfactory, have little or no leakage at 
the joints. The amount of leakage at the joints shall not exceed 2 quarts per hour (1.89 L/hr) per 100 joints irrespective 
of pipe diameter. The leakage shall be distributed over all joints. If such leakage occurs at a few joints, the installation 
shall be considered unsatisfactory and necessary repairs made. The amount of allowable leakage specified above can 
be increased by 1 fluid ounce per inch valve diameter per hr. (30 ml_/25 mm/hr) for each metal seated valve isolating the 
test section. If dry barrel hydrants are tested with the main valve open so the hydrants are under pressure, an additional 
5 ounces per minute (150 mL/min) leakage is permitted for each hydrant. 



New underground piping flushed according to 
„____ standard by (company) 



□ Yes [_] No 



If no, explain 



Flushing 
tests 



How flushing flow was obtained 

l~~1 Public water □ Tank or reservoir □ Fire pump 



Through what type opening 
r~i Hydrant butt □ Open pipe 



Lead-ins flushed according to . 
If no, explain 



standard by (company) 



□ Yes 



No 



How flushing flow was obtained 

F"1 Public water Q Tank or reservoir □ Fire pump 



Through what type opening 

n Y connection to flange O Open pipe 
and spigot 



FIGURE 10.10.1 Sample of Contractor's Material and Test Certificate for Underground Piping. 
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Hydrostatic 
test 


All new underground piping hy 
_ __ psi 


drostatically tested at 
for hours 




Joints covered 
CI1 Yes □ No 




Leakage 
test 


Total amount of leakage measured 

gallons hours 


Allowable leakage 

... gallons hours 


Hydrants 


Number installed 


Type and make 


All operate satisfactorily 

□ Yes □ No 


Control 
valves 


Water control valves left wide open 
If no, state reason 

Hose threads of fire department connections and hydrants interchangeable with 
those of fire department answering alarm 


□ Yes □ No 

□ Yes □ No 


Remarks 


Date left in service 






Signatures 


Name of installing contractor 


Tests witnessed by 


For property owner (signed) < Title 


; Date 


For installing contractor (signed) , Title 


I Date 

1 


Additional explana 


tion and notes 





FIGURE 10.10.1 Continued 



Table 10.10.2.1.3 Flow Required to Produce a Velocity of 10 
ft/sec (3 m/sec) in Pipes 





Pipe Size 


Flow Rate 


in. 


mm 


gpm 


L/min 


4 


102 


390 


1,476 


6 


152 


880 


3,331 


8 


203 


1,560 


5,905 


10 


254 


2,440 


9,235 


12 


305 


3,520 


13,323 



10.10.2.2.2 Loss sh a 1 1 be de te rm.in.ed by a d rop i n gauge pres- 
s u re o r v i s u a 1 1 e a ka ge . 

10.10.2.2.3 The test pressure shall be read from a gauge lo- 
cated at the low elevation point, of the system or portion being 
tested. 

10.10.2.2.4 The permitted amount of underground piping- 
leakage shall be as follows: 

(J)*The amount of leakage at the joints shall not exceed 
2 ( 1 1 ;/ h r (1.89 L/ h i ' ) p e r 1 00 gas ke ts o r j oi n ts , i rresp e c tive 
of pipe diameter. 



(2)*The amount of allowable leakage specified in 
1 . 1 . . 2 . 2 . 4 ( 1 ) s h a 1 1 b e pe r m i tte d to be i n ere as e d by I 11 o z 
(30 ml) per inch valve diameter per hour for each metal- 
seated valve isolating the test section. 

(3) If dry barrel hydrants are tested with the main valve open 
so th e h yd ra n ts are u n d e r p ress 1 1 re , an ad d i ti o n a 1 5 fl o z/ 
m in ( 1 5 m 1 / m i n ) of 1 e akage s h a 1 1 be p e r m i t ted fo r eac h 
hydrant. 

(4) The amount of leakage in buried piping shall be mea- 
sured at the specified test pressure by pumping from a 
calibrated container. 

Chapter 11 Design Approaches 

11.1 General. 

11.1.1 Water demand requirements shall be determined 
from the following: 

( 1 ) O ecu pa n cy h azard fi re co n t ro 1 approac h 

( 2 ) S to rage d es i gn app roa c: h es o f C hap te r 1 2 

(3) Special design approaches of Chapter 13 

11.1.2 Fo r b u i 1 di n gs w i th two or more ad j ace n t o cc u pa n c i es 
that are not physically separated by a barrier or partition ca- 
pable oi delaying heat from a the in one area from fusing 
sprinklers in the adjacent area, the required sprinkler protec- 
tion for the mote demanding occupancy shall extend 15 ft 
(4.6 in ) beyo n d i ts pe ri m e te r. 
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11.2 Occupancy Hazard Fire Control Approach. 

11.2.1 Occupancy Classifications. 

11.2.1.1 Occ ii pan cy c 1 ass i fi ca tio n s f o r th i s s ta n d ard re 1 a te to 
sprinkler installations and their water supplies only. 

11.2.1.2 Occupancy classifications shall not be used as a gen- 
e r a 1 class ill cation o 1 o c c u p an cy hazards. 

11.2.1.3 Occupancies or portions of occupancies shall be 
classified according to the quantity and combustibility of 
c o n te n ts , th e e x p e c te d r a te s of h e a t re lease, th e to tal p o te n - 
tial for energy release, the heights of stockpiles, and the 
p r e s e n c e o f fl a in in a b 1 e a n d c om bu stible liquids, u sing th e 
definitions contained in Sections 5.2 through 5.5. Classifi- 
cations are as follows: 

(1) Light hazard 

(2) Ordinary hazard (Groups I and 2) 

(3) Extra hazard (Groups 1 and 2) 

(4) Special occupancy hazard (see Chapter 13) 

11.2.2 Water Demand Requirements — Pipe Schedule Method. 

11.2.2.1 Tabl e 11.2.2.1 shall be u sed i n de te nn i n i n g th e m i n i- 

m u m wate r s u p p 1 y re q u i re m e n ts f o r 1 ig h 1 and o r d i n a ly h azard 
occupancies protected by systems with pipe sized according to 
the pipe schedules of Section 14.5. 



Table 11.2.2.1 Water Supply Requirements for Pipe 
Schedule Sprinkler Systems 



11.2.2.7 The lower duration value of Table 1 1.2.2.1 shall be 
acceptable only where remote station or central station water- 
fl ow al a r m se nice i s p ro vid e d . 

11.2.2.8* Residual Pressure. 

11.2.2.8.1 The residual pressure requirement of Table 
1 1.2.2.1 shall be m e t a t th e e 1 e va ti o n o f th e h i g 1 1 es (sprinkle r. 

11.2.2.8.2 When back (low prevention valves are installed on 
p i pe sc h e d u 1 e sys te ms , th e hi c ti o n 1 osse s o f th e d e vi ce s h a 1 1 b e 
a ceo u n te d fo r wh en d e te mi i n i n g a cce p ta b le re s i d u al p ress u re 
at the top level of sprinklers. The friction loss of this device [in 
psi (bar)] shall be added to the elevation loss and the residual 
pressure at the top row of sprinklers to determine the total 
pressure needed at the water' supply. 

11.2.2.9 The lower flow figure of Table 1 1 .2.2.1 shall be permit- 
ted only where the building is of nonconibustible construction or 
the potential areas of fire are limited by building size or com part- 
mentation such that no open areas exceed 8000 fr (279 in 2 ) for 
light hazard or 4000 ft" (372 nr) for ordinary hazard. 

11.2.3 Water Demand Requirements - 
Methods. 

11.2.3.1 General. 



- Hydraulic Calculation 



1 1 . 2 . 3 . 1 . 1 * T h e m i n i m u m vva te r s u p ply re q u i re n l e n ts fo r a h y- 
d radically designed occupancy hazard fire control sprinkler 
system shall be determined by adding the hose stream de- 
man d fro m Tabl e 1 1 .2.3.1. 1 to the wa te r s 1 1 p p 1 y fo r s p t i n k I e rs 
determined in 11.2.3.1.5. 



Acceptable Flow 
Minimum at Base of Riser 
Residual (Including Hose 
Pressure Stream 

Occupancy Required Allowance) Duration 

Classification (psi) (gpni) (minutes) 



Light hazard 
Ordinary hazard 



15 
20 



500-750 
850-1500 



30-60 
60-90 



Note: For SI units, 1 gpm = 3.785 L/min; 1 psi = 0.0689 bar. 



11.2.2.2 Press ure an d fl ow req u ire m e n ts fo r extra h azard o c- 
enpancies shall be based on the hydraulic calculation methods 
of 11.2.3. 

11.2.2.3 Unless th e req u i re m e n ts of 1 1.2.2.5 are m e t th e p i pe 
schedule method shall be permitted only for new installations 
o f 5 000 fr ( 465 m ~ ) o r lessor fo r add i ti o n s o r mod ifica ti o n s to 
existing pipe schedule systems sized according to the pipe 
sc h e d u 1 es of Se c ti o n 1 4.5. 

11.2.2.4 Tabl e 11.2.2. 1 sh al 1 be used in de term in i n g th e m i n i- 
m ii m water s u pply requ i re me n ts . 

11.2.2.5 The pipe schedule method shall be permitted for 
use in systems exceeding 5000 ft 2 (465 m 2 ) where the flows 
re q u i red i n Ta b 1 e 11.2.2. 1 a r e ava i 1 ab 1 e a t a rn i n i mum re- 
sidual pressure of 50 psi (3.4 bar) at the highest elevation of 
sprinkler. 

11.2.2.6 The pipe schedule method shall be permitted for 
add i ti on s o r m od i fi cati o n s to ex i s ti n g ex tra h azard p i pe se h e d- 
ule systems. 



Table 11.2.3.1.1 Hose Stream Demand and Water Supply 
Duration Requirements for Hydraulically Calculated Systems 

Total 
Combined 
Inside and 
Inside Hose Outside Duration 

Occupancy (gP m ) Hose (gpm) (minutes) 



Light hazard 




0, 


50, 


or 


too 


100 


30 




Ordinary hazai 


d 


0, 


50, 


or 


100 


250 


60- 


-90 


Extra hazard 




0, 


50, 


or 


100 


500 


90- 


-120 



For SI u n i ts , 1 g p m = 3 . 7 8 5 L / rn i n . 



11.2.3.1.2 The minimum water supply shall be available for 
the mini mu m d u rati o n s pe c i 1 i e d i n Tabl e 11.2. 3 . 1 . 1 . 

11.2.3.1.3 An all owan.ee fo r inside an d o u tsi d e h ose sh a 1 1 n o t 

be i e qu i red wh e re tan ks s u p p 1 y s p r i n k 1 e rs o n 1 y. 

11.2.3.1.4 Where pumps taking suction from a private fire 
service main supply sprinklers only, the pump need not he- 
sized to accommodate inside and outside hose. Such hose al- 
lowance shall be considered in evaluating the available water 
supplies. 

11.2.3.1.5 Density /Area Curves. The water supply for sprin- 
klers only shall be determined either from the density /area 
curves of Figure 11.2.3.1.5 in accordance with the method of 
11.2.3.2 o r be based u p o n th e roo m d es i g n in e th od i n a ceo r- 
dance with 11.2.3.3, at the discretion of the designer. 
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2.0 



4.1 



6.1 



Density (mm/min) 
8.1 10.2 



12.2 



14.3 



16.3 



5000 

CVJ 

c 

■S 4000 

<D 

Q. 
O 

jCD 

| 3000 

Q. 

•5 2500 
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Density (gpm/ft 2 ) 



0.30 



FIGURE 11.2.3.1.5 Density /Area Curves. 



465 
372 

279 
232 
186 
139 



0.35 



0.40 



11.2.3.1.6 Special Areas. For special areas under consider- 
ation, as described in 11.2.3.4, separate hydraulic calculations 
shall be required in addition to those required by 11.2.3.2 or 
11.2.3.3. 

11.2.3.1.7* Systems with Multiple Hazard Classifications. For 

systems with multiple hazard classifications, the hose stream 
demand shall be in accordance with one of the following: 

(1) Add the hose demand for the highest hazard classifica- 
tion within the system, or 

(2) Add the hose demand for each individual hazard classifica- 
tion to the calculations for the design area for that hazard, or 

(3) For systems with multiple hazard classifications where the 
higher classification only lies within single rooms less than 
or equal to 400 ft 2 in area with no such rooms adjacent, 
add the hose demand for the principal occupancy for the 
remainder of the system. 

11.2.3.1.8 Restrictions. Regardless of which of the two meth- 
ods is used, the following restrictions shall apply: 

( 1 ) For areas of sp ri n Id e r operation less than 1 500 ft 2 ( 1 39 m 2 ) 
used for 1 igh t and ordinary hazard occupancies, the density 
for 1500 fir (139 m 2 ) shall be used. 

(2) For areas of sprinkler operation less than 2500 ft 2 
(232 m 2 ) for extra hazard occupancies, the density for 
2500 ft 2 (232 m 2 ) shall be used. 

(3)*Un!ess the requirements of 11.2.3.1.8(4) are met for 
buildings having un sprinkle red combustible concealed 
spaces, as described in 8.14.1.2 and 8.14.6, the minimum 
area of sprinkler operation shall be 3000 ft 2 (279 m 2 ) . 
(4) The following un sprinkle red combustible concealed 
spaces shall not require a minimum area of sprinkler 
operation of 3000 ft 2 (279 m 2 ) : 
(a) Combustible concealed spaces filled entirely with 

n o n corn b u s ti bl e i nsu 1 a ti o n . 
(b)*Light or ordinary hazard occupancies where non- 
combustible or limited combustible ceilings are di- 
rectly attached to the bottom of solid wood joists so 
as to create enclosed joist spaces 160 ft 3 (4.5 m 3 ) or 
less in volume, including space below insulation that 
is laid directly on top or within the ceiling joists in an 
otherwise sprinkle red attic. 
(c)*Concealed spaces where the exposed surfaces have a 
flame spread rating of 25 or less and the materials 



have been demonstrated to not propagate fire in the 
form in which they are installed in the space. 

(d) Concealed spaces over isolated small rooms not ex- 
ceed i n g 5 5 ft 2 (5.1 m 2 ) i n a rea . 

(e) Vertical pipe chases under 10 ft 2 (0.93 m 2 ), pro- 
vided that in multifloor buildings the chases are 
lirestopped at each floor using materials equiva- 
lent to the floor construction. Such pipe chases 
shall contain no sources of ignition, piping shall 
be noncombustible, and pipe penetrations at each 
floor shall be properly sealed. 

(5) Water demand of sprinklers installed in racks or water 
curtains shall be added to the ceiling sprinkler water de- 
mand at the point of connection. Demands shall be bal- 
anced to the higher pressure. (See Chapter 8.) 

(6) Water demand of sprinklers installed in concealed 
spaces or under obstructions such as ducts and cutting 
tables need not be added to ceiling demand. 

(7) Where inside hose stations are planned or are required, 
the following shall apply: 

(a) A total water allowance of 50 gpm (189 L/min) for a 
single hose station installation shall be added to the 
sprinkler requirements. 

(b) A total water allowance of 100 gpm (378 L/min) for 
a multiple hose station installation shall be added to 
the sprinkler requirements. 

(c) The water allowance shall be added in 50-gpm ( 1 89-L/ 
min) increments beginning at the most remote hose 
station, with each increment added at the pressure re- 
quired by the sprinkler system design at that point. 

(8) When hose valves for fire department use are attached to 
wet pipe sprinkler system risers in accordance with 
8.16.5.2 the following shall apply: 

(a) The water supply shall not be required to be added 
to standpipe demand as determined from NFPA 14, 
Standard for the Installation of Standpipe, Private Hy- 
drant, and Hose Systems. 

(b) Where the combined sprinkler system demand and 
hose stream allowance of Table 11.2.3.1.1 exceeds 
the requirements of NFPA 14, Standard for the Instal- 
lation of Standpipe, Private Hydrant, and Hose Systems, 
this higher demand shall be used. 
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(c) For partially sprinkle red buildings, the sprinkler de- 
mand, not including hose stream allowance, as indi- 
cated in Table '11.2.3.1.1 shall be added to die require- 
ments given in NFPA 1.4, Standard for the Installation of 
Standfnpe, Private Hydrant, and Hose Systems. 

(9) Water allowance for outside hose shall be added to the 
sprinkler and inside hose requirement at the connection 
to the city water main or a yard hydrant, whichever is 
closer to the system riser. 

(10) The lower duration values in Table 11.2.3.1.1 shall be 
permitted where remote station or central station water- 
flow alarm service is provided. 

(11) Where pumps, gravity tanks, or pressure tanks supply 
sprinklers only, requirements for inside and outside 
hose need not be considered in determining the size of 
such pumps or tanks. 

(12) For al 1 occ u pan ci es consis ti n g of com b us tibl e wood j ois t or 
wood truss construction with members spaced less than 3 ft 
on center used with slopes with a pitch at or exceeding 4 in 
12 (4/12) using standard spray sprinklers, sprinklers shall 
be quick response having pressures in accordance with the 
requirements of Table 8.6.2.2.1 (a). 

11.2.3.1.9 Total system water supply requirements shall be 
determined in accordance with the hydraulic calculation pro- 
cedures of Section 14.4. 

11.2.3.2 Density/Area Method. 

11.2.3.2.1 Water Supply. 

11 .2.3.2.1 . 1 * The water supply requirement for sprinklers only 
shall be calculated from the density /area curves of Figure 
11.2.3.1.5 or from Chapter 13 where density/area criteria are 
specified for special occupancy hazards. 

11.2.3.2.1.2 When using Figure 11.2.3.1.5, the calculations 
shall satisfy any single point on the appropriate density/area 
curve. 

11.2.3.2.1.3 When using Figure 11.2.3. 1.5, it shall not be nec- 
essary to meet all points on the selected curve. 

11.2.3.2.2 Sprinklers. 

11.2.3.2.2.1 The densities and areas provided in Figure 
11.2,3.1.5 are for use only with spray sprinklers. 

11.2.3.2.2.2* Quick-response sprinklers shall not be permitted 
for use in extra hazard occupancies. 

11.2.3.2.2.3 Sidewall spray sprinklers shall be permitted for 
use in light hazard occupancies and where specifically listed 
for use in ordinary hazard Group 1 and 2 occupancies. 

11.2.3.2.2.4 For extended coverage sprinklers, the minimum 
design area shall be that corresponding to the maximum den- 
sity for the hazard in Figure 11.2.3.1.5 or the area protected by 
five sprinklers, whichever is greater. 

11.2.3.2.2.5 Exten d ed cove rage s pri n kle rs shall be lis ted wi th 
and designed for the minimum How corresponding to the 
density for the smallest area of operation for the hazard as 
sp e ci fi ed i n Figu re 1 1.2.3.1.5. 

11.2.3.2.3 Quick-Response Sprinklers. 

11.2.3.2.3.1 Where listed quick-response sprinklers, includ- 
ing extended coverage quick- response sprinklers, are used 
throughout a system or portion of a system having the same 
hydraulic design basis, the system area of operation shall be 



permitted to be reduced without revising the density as indi- 
cated i n Fi gu re 1 1.2.3.2.3.1 wh e n all o f th e fo 1 1 owi n g c o n d i- 
tions are satisfied: 

(1) Wet pipe system 

(2) Light hazard or ordinary hazard occupancy 

(3) 20-ft (6.1-m) maximum ceiling height 

(4) There are no unprotected ceiling pockets as allowed by 
8.6.7 and 8.8.7 exceeding 32 ft 2 

11.2.3.2.3.2 Th e n u m be r of s p ri n kl e is i n th e d es i g n a rea sh all 
never be less than five. 

11.2.3.2.3.3 Where quick-response sprinklers are used on a 
sloped ceiling, the maximum ceiling height shall be used for 
determining the percent reduction in design area. 

11.2.3.2.3.4 Where quick-response sprinklers are installed, 
all sprinklers within a compartment shall be of the quick- 
response type. 

11.2.3.2.3.5 Wh e re ci re u m s tan ces req u i re the use of o th e r th an 
ordinary temperature- rated sprinklers, standard-response sprin- 
klers shall be permitted to be used. 

11.2.3.2.4 Sloped Ceilings in Non-Storage Applications. The 

system area of operation shall be increased by 30 percent with- 
out revising the density when the following types of sprinklers 
are used on sloped ceilings with a pitch exceeding one in six 
(a rise of two units in a run of 1 2 units, a roof slope of 1 6.7 per- 
cent) in non-storage applications: 

( 1 ) S p ray spri n kl e rs , includingex te n d ed cove ra ge sprinkle rs 
listed in accordance with 8.4.3(4), and quick-response 
sprinklers 

( 2 ) Large cl ro p s p r i n kl e rs 
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FIGURE 11.2.3.2.3.1 Design Area Reduction for Quick- 
Response Sprinklers. 
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11.2.3.2.5 Dry Pipe and Double Interlock Preaction Systems. 

For dry pipe systems and double interlock preaction systems, 
the area of sprinkler operation shall be increased by 30 per- 
ce n t w i tho u t rev i s i n g t h e cl e n si ty. 

11.2.3.2.6 High-Temperature Sprinklers. Where high-temperature 
sprinklers are used for extra hazard occupancies, the area of 
sprinkler operation shall be permitted to be reduced by 25 per- 
cent wit) tout revising the density, but not to less than 2000 ft 2 
(186 nr). 

11.2.3.2.7* Multiple Adjustments. 

11.2.3.2.7.1 W h e re m u 1 ti p 1 e a dj u stm e n ts to th e area of ope ra- 
ti on are required to be made in accordance with 11.2.3.2.4, 
11.2.3.2.5, 11 .2.8.2.6, or 11.2.3.2.7, these adjustments shall be 
compounded based on the area of operation originally se- 
lected from Figure 11,2.3,1.5, 

11.2.3.2.7.2 W the building has un sprinkle red combustible 
concealed spaces, the rules of 1 1.2.3.1.8 shall be applied after 
all other modifications have been made. 

11.2.3.3 Room Design Method. 

11.2.3.3.1*The wa te r s u p p 1 y r eq u i re in e n ts fo r sp ri n k 1 e rs only 
shall be based upon the room that creates the greatest de- 
mand. 

11.2.3.3.2 The density selected shall be that from Figure 
11.2.3.1.5 corresponding to the room size. 

11.2.3.3.3 To u t i 1 i ze th e room d esi gn m e th o d , all room s s hall 
be enclosed with walls having a fi re- i esi stance rating equal to 
th e wa te r s u p p 1 y d u i a ti on i n d i ca ted i n Tab 1 e 1 1.2.3.1.1. 

11.2.3.3.4 If the room is smaller than the smallest area shown 
i n the a p p 1 i ca b 1 e c u rve i n Fi g u re 1 1 .2.3. 1 . 5 , the pro visi ons of 
11.2.3.1.8(1) and 11.2.3.1.8(2) shall apply. 

11.2.3.3.5 JVI i n i m 1 1 m p ro tec ti o n of o pen i n gs s h al 1 be as foil ows : 

( 1 ) Ugh t h a za r d — N o n - ra te d a u to m a ti c o r s e 1 f-c los i n g d o o r s 

( 2 ) Li g h t h a za id wi th n o op en i n g pro tec ti on — Wh e re op en- 
ings are not protected, calculations shall include the 
sprinklers in the room phis two sprinklers in the commu- 
nicating space nearest each such unprotected opening 
unless the communicating space has only one sprinkler, 
in which case calculations shall be extended to the opera- 
tion of that sprinkler. The selection of the room and com- 
m u n i ca ti n g s pa ce sp ri n k 1 e rs to be ca 1 c ulate d shall be th at 
w h i c 1 i p 10 d u ces th e grea tes t hyd ra u lied e m and . 

(3) Ordinary and extra hazard — Automatic or self-closing 
doors with appropriate fire-resistance ratings for the 
enclosure 

11.2.3.3.6 Where the room design method is used and the 
a r e a i in d e r c o n s i d e r a t i o n i s a c o r r i d o r p ro te c te d by o n e ro w of 
sprinklers with protected openings in accordance with 
1 1 .2.3. 3 . 5 , th e m a x i m nm n u m be r of s pri n kle i s that needs to 
be calculated is Five. 

11.2.3.3.7 Where the area under' consideration is a corridor 
protected by a single row of sprinklers in a light hazard occu- 
pa n cy, t h e d es i g n a rea s h all inclrt de a 11 sp ri n kl e rs in th e corri- 
dor to a maximum of live. 

11.2.3.3.8 Where the area under consideration is a corridor 
p ro te c te cl by a single row of s p rink 1 e rs and th e ope n i n gs are 
nor. protected, the design area shall include all sprinklers in 
t: h e c o r ri d o r to a in a xi m u in o 1 s eve n . 



11.2.3.4 Special Design Areas. 

11.2.3.4.1 Where the design area consists of a building ser- 
vice chute supplied by a separate riser, the maximum number 
of sp ri nkl e rs th at n eed s to be ca 1 c u 1 a ted i s th re e . 

11.2.3.4.2* Where an area is to be protected by a single line of 
sprinklers, the design area shall include all sprinklers on the 
line up to a maximum of seven. 

11.2.3.5 Residential Sprinklers. 

11.2.3.5.1* The design area shall be the area that includes the 
fo u r hyd ran 1 i ca 1 1 y mos t de man d i n g sp ri n kl e rs . 

11.2.3.5.2* Unless the requirements of 11.2.3.5.3 are met, the 
minimum required discharge from each of the four hydra uli- 
cally most demanding sprinklers shall be the greater of the 
following: 

( 1 ) In a ceo rda n ce wi th m i n i in u m 1:1 ow rates i n d i ca te d i n i n d i- 
vidnal listings 

( 2 ) Gal c u 1 a ted based on d e 1 i ve r i n g a m i n i m u m o f . 1 gpm / ft 2 
(4.1 mm/min) over the design area in accordance with 
the provisions of 8.5.2.1 

11.2.3.5.3 For modifications or additions to existing systems 
eq u i p ped wi th res i d e n ti al s pri n kl e rs , th e 1 is te d d i sc h a rge c ri te- 
ria less than 0.1 gpm/fr (4.1 mm/min) shall be permitted to 
be used. 

11.2.3.5.4 Where areas such as attics, basements, or other 
types of occupancies are outside of dwelling units but within 
the same structure, these areas shall be protected in accor- 
dance with the provisions of this standard, including appropri- 
ate design c r i te ri a of 1 1.2.3. 

11.2.3.5.5 Hose stream demand and water supply duration 
requirements shall be in accordance with those for light haz- 
a rd occu pa nc ies in Tabl e 1 1.2.3. 1 . 1 . 

11.2.3.6 Quick-Response Early Suppression (QRES) Sprin- 
klers. (Reserved) 

11.2.3.7 Exposure Protection. 

11.2.3.7.1* Piping shall be hyd rati lically calculated in accor- 
dance with Section 14.4 to furnish a minimum of 7 psi (0.5 bar) 
at any sprinkler with all sprinklers facing the exposure operating. 

11.2.3.7.2 Where th e water supply feeds o the r fi re pro tec ti on 
systems, it shall be capable of furnishing total demand for such 
systems as well as the exposure system demand. 

11.2.3.8 Water Curtains. 

11.2.3.8.1 Spri n kl e rs i n a w a te r c u r tai n such as d e s c r i be d i n 
8.14.4 shall be hydraulically designed to provide a dis- 
cbarge of 3 gpm per lineal foot (37 L/min per lineal meter) 
of water curtain, with no sprinklers discharging less than 
15 g p m ( 5 6 . 8 L/ m in). 

11.2.3.8.2 For water curtains employing automatic sprinklers, 
th e n u m be r of sp ri n kl e rs cal cu 1 a ted i n th i s wate r c u r tai n s h a 11 
be the number in the length corresponding to the length par- 
a 1 1 el to the bran c h li n es i n th e a rea d e te r m i ned by 1 4 . 4 . 4 . i . 1 . 

11.2.3.8.3 If a s i ngi e fire can be e xpec ted to operate spri n kl e rs 
within the water curtain and within the design area of a hydrauli- 
cally calculated system, the water supply to the water curtain shall 
be added to the water demand of the hydraulic calculations and 
shall be balanced to the calculated area demand. 
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11.2.3.8.4 Hydraulic design calculations shall include a de- 
sign area selected to include ceiling sprinklers adjacent to the 
water curtain. 

11.2.3.9 Dry System Water Delivery. 

11.2.3.9.1 Calculations for dry system water delivery shall be 
based on the hazard shown in Table 11.2.3.9.1. 

11.2.3.9.2 The calculation program and method shall be 
listed by a nationally recognized laboratory. 

Table 11.2.3.9.1 Dry System Water Delivery 



Hazard 



Number of Most 

Remote Sprinklers 

Initially Open 



Maximum Time of 
Water Delivery 



Residential 
Light 
Ordinary I 
Ordinary II 
Extra I 
Extra II 
High piled 



15 seconds 
60 seconds 
50 seconds 
50 seconds 
45 seconds 
45 seconds 
40 seconds 



Chapter 12 Storage 

12.1 General. The requ i re me n ts of Sectio n 12. 1 sh all apply to 
alls to rage a r range m e n ts an d co m m od i ti es u nless m od if icd by 
specific section in Chapter 12. 

12.1.1 Roof Vents and Draft Curtains. Sprinkler protection 
criteria are based on the assumption that roof vents and draft 
curtains are not being used. (See Section (16.) 

12.1.2 Building Height. 

12.1.2.1 The maximum building height shall be measured to 
th e u n de rsi de of th e roof d e c k or ceiling. 

12.1.2.2 Early suppression fast-response (ESFR) sprinklers 
shall be used only in buildings equal to, or less than, the 
h e i gh t of the b u i 1 d i n g fo r wh i ch they h ave bee n 1 i s te d . 

12.1.2.3 Large drop, control mode specific application and 
ESFR sprinklers shall be permitted to protect, ordinary hazard, 
storage of Class I through Class IV commodities, plastic com- 
modities, miscellaneous storage, and other storage as speci- 
fied in C h a p te r 1 2 o r by o th e r NFPA s ta n d aid s . 

12.1.3 Hose Connections. Small hose connections [VA in. 
(38m in ) J sh al 1 be p rovi d e cl i n a ceo rd an ce wi th 8.16.5 fo r fi rs t- 
aid fire-fighting and overhaul operations. 

12.1.4* Wet Pipe Systems. 

12.1.4.1 S p ri n kl e r sys te m s s h a 1 1 be we t p i pe sys te ms . 

12.1.4.2* In areas that are subject to freezing or where special 
conditions exist, dry-pipe systems and pre action systems shall 
be p e rm i tte d to p ro te c t s torage occu p ancies . 

12.1.4.3 ESFR sprinklers shall only be permitted to be wet 
pipe systems. 



12.1.5* Adjacent Occupancies. For buildings with two or more 
adjacent occupancies the following shall apply: 

( 1 ) Wh e re a re as are no t p h ys i ca 1 1 y s e pa rate d by a ba r ri e r o r 
pa r ti ti o n capabl e o f d e 1 ay i n g h ea t fro m a 1 1 1 e i n o n e a re a 
from fusing sprinklers in the adjacent area, the required 
sprinkler protection for the more demanding occupancy 
shall extend 15 ft (4.6 in) beyond its perimeter. 

( 2 ) The requ i re m e n ts o f 1 2 . 1 .5(1) s h a 1 1 n o t a p p 1 y w h e re th e 
areas are separated by a barrier partition that is capable of 
preventing heat from a fire in the storage area from fus- 
ing sprinklers in the non-storage area. 

12.1.6 Dry Pipe and Preaction Systems. 

12.1.6.1 Fo r d ly pi pe sys te m s a n d p re ac ti o n sys te ms, th e a i e a 
of sp ri n kl e rope ra ti o n s ha 1 1 be i n c re ased by 3 pe rce n t w i th- 
orn revising the density. 

12.1.6.2 D e ns i ti es a n d a re as sh a 11 be se 1 ec ted so th a t tl i e f\ n a 1 
are a of o pe ratio n af te r th e 30 pe rce n t i n c re ase i s n o t g rea te r 
than 6000 ft 2 (557.4 ra 2 ). 

12.1.6.3 T h e re q u i re m e n ts o f 12. 1.(5 shall n o t a p p 1 y w h e re i t; 
can be demonstrated that the detection system that activates 
the preaction system catises water to be discharged from sprin- 
klers as quickly as the discharge from a wet pipe system. 

12.1.7 Ceiling Slope. The sprinkler system criteria specified 
in this chapter are intended to apply to buildings with ceiling 
slopes n o t exce e d i n g 2 i n 1 2 (16. 7 pe rce n t) . 

12.1.8* Multiple Adjustments. Where multiple adjustments to 
th e are a of o pe rati o n. a re re q u i re d to be m ad e , th e s e ad j u s t- 
m e n ts sh al 1 be co m po u n d e d based o n th e are a o f o pe rati o n 
originally selected. If the building" has unsprinklered combus- 
tible concealed spaces, the rules of 1 .1.2.3. 1.8 shall be applied 
after all other modifications have been made. 

12.1.9* Protection of Idle Pallets. 

12.L9.1 Wood Pallets. 

12.1.9.1.1* Pallets shall be permitted to be stored in the fol- 
lowing arrangements: 

(1) Stored outside 

( 2 ) S to re d i n a d e tach ed s tru c: tu re 

(3) Stored indoors where arranged and protected in accor- 
dance with 12.1.9.1.2 

1 2 . 1 . 9 . 1 . 2 * Pa 1 1 e ts , wh e re s to re cl i n cl oo rs , s 1 1 a 1 1 be p ro tec ted as 
indicated in Table 12.1.9.1.2(a) using standard spray spri ti- 
ki e rs , Ta ble 1 2.1.9.1.2(b) u s i n g co n tr o 1 m o d e s p e c i fi c a p p 1 i ca- 
tion sp ri n kl e rs , o r Tabl e 12.1.9.1.2(c) u sing ESFR s p r i n k 1 e rs , 
tin 1 ess the f 61 1 owi n g co n d i ti o n s a re in e t: 

(1) Pallets shall be stored no higher than 6 ft (1.8 m). 

( 2 ) E ac h p a 1 1 e t pile o f n o m o re th a 1 1 f o urs ta c ks shall b e s e p a- 
rated from other pallet piles by at least 8 ft ( 1 A m) of clear 
space or 25 ft (7.6 m) of commodity. 

12.1.9.1.3 Idle wood pal le ts sh al 1 not be sto red i n racks i \ n less 
they are protected in accordance with the appropriate provi- 
sions of Table 12. 1 .9.1 .2(c). (See Section C. 7.) 
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Table 12.1.9.1.2(a) Control Mode Density-Area Protection of Indoor Storage of Idle Wood Pallets 





Location 
of Storage 


Nominal 
K-Factor 






Sprinkler Density 


Areas of Operation 








Type of 
Sprinkler 


Maximum Storage 
Height 


High 
Temperature 


Ordinary 
Temperature 


Hose Stream 
Demand 


Water 

Supply 

Duration 

(hours) 


ft 


m 


gpm/ft 2 


mm/min 


ft 2 


m 2 


ft 2 


m* 


gpm 


L/min 




On floor 


K 8 or 
larger 


Up to 6 


Up to 1.8 


0.2 


8.2 


2000 


186 


3000 


279 


500 


1900 


.l'/ii 


Control 
mode 


K J 1.2 or 
larger 


6 to 8 


1.8 to 2.4 


0.45 


18.3 


2500 


232 


4000 


372 


500 


1900 


1 ¥> 


density/area 


8 to 12 


2.4 to 3.7 


0.6 


24.5 


3500 


325 


6000 


557 


500 


1900 


1 Vz 




12 to 20 


3.7 to 6.1 


0.6 


24.5 


4500 


418 


— 


— 


500 


1900 


1 x h 



Table 12.1.9.1.2(b) Control Mode Specific Application Protection of Indoor Storage of Idle Wood Pallets 





Location 
of Storage 


Nominal 
K-Factor 


Maximum 
Storage 
Height 


Maximum 

Ceiling/ 

Roof 

Height 


Type of 
System 


Number of Design Sprinklers by 
Minimum Pressure 


Hose Stream 
Demand 


Water 

Supply 

Duration 

(hours) 


Type of 
Sprinkler 


ft 


m 


ft 


m 


25psi 
(1.7 bar) 


50psi 
(3.4 bar) 


75psi 
(5.2 bar) 


gpm 


L/min 


La roe 


On .floor 


11.2 


20 


6.1 


30 


9.1 


Wet 


15 


15 


15 


500 


1900 


Vh 


drop 


Dry 


25 


25 


25 


500 


1 900 


VA> 



Table 12.1.9.1.2(c) ESFR Protection of Indoor Storage of Idle Wood Pallets 



Type of Sprinkler 
(Orientation) 


Location of 
Storage 


Nominal 
K-Factor 


Maximum Storage 
Height 


Maximum Ceiling/ 
Roof Height 


Minimum 
Operating 
Pressure 


Hose Stream 
Demand 


Water 

Supply 

Duration 

(hours) 


ft 


m 


ft 


m 


psi 


gpm 


L/min 




On floor or rack 
without solid 
shelves 


.14.0 


25 


7.6 


30 


9.1 


50 


250 


946 






25 


7.6 


32 


9.8 


60 






35 


10.7 


40 


12.2 


75 




ESf R (pendent) 


16.8 


25 


7.6 


30 


9.1 


35 






25 


7.6 


32 


9.8 


42 


1 




35 


10.7 


40 


12.2 


52 




ESFR (upright) 


On floor only 


14.0 


20 


6.1 


30 


9.1 


50 




20 


6.1 


35 


10.7 


75 





12.1.9.2 Plastic Pallets. 

12.1.9.2.1 Plastic pallets shall be permitted to be stored in the 
following manners: 

( 1 ) P 1 as tic pa 1 1 e Is s hall be pe rm i tie d to be sto red o u tsi d e . 

(2) Plastic pallets shall be permitted to be stored in a de- 
tached .structure. 

(3) Plastic pallets shall be permitted to be stored indoors 
w h e re a rran ge d and p ro t e c ted i n ac cor d an ce wi th th e re- 
c|ni re m e n ts of 1 2.1.9.2.2. 

(4) Indoor storage of plastic pallets shall be permitted to be 
protected in accordance with the requirements of Table 
12.1.9.2.1 



(5) Indoor storage of plastic pallets shall be permitted to be 
p ro te c te d in accord a n ce wi th the fo 1 1 o wi n g arrange m e nt: 

( a ) Max i mu m s forage height of 1 ft 

( b ) M axi m u m ce il i n g heigh t. of 30 ft 

( c ) Spri n . kle r den si ty . 6 gpm /ft 2 ove r 2000 ft 2 

(d) Minimum sprinkler K-factor of 1 .6.8 

(6) Indoor storage of non-wood pallets having a demon- 
strated fire hazard that is equal to or less than idle wood 
pallets and is listed for such equivalency shall be permit- 
ted to be protected in accordance with 12.1.9.1.2. 

(7) When specific test data is available, the data shall take 
precedence in determining the required protection of 
idle plastic pallets. 
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12.1.9.2.2 Plastic pallets where stored indoors shall be pro- 
tected as follows: 

(1) Where stored in cutoff rooms the following shall apply: 

(a) The cutoff rooms shall have at least one exterior wall. 

(b) The plastic pallet storage shall be separated from the 
remainder of the building by 3 hour-rated fire walls. 

(c) Sprinkler protection by one of the following: 

i. The storage shall be protected by sprinklers de- 
signed to deliver 0.6 gpm/ft 2 (24.5 mm/min) 
for the entire room or by high-expansion foam 
and sprinklers as indicated in 12.1.11. 

ii. K-14 ESFR upright sprinklers when the storage is 
on floor and the system is designed to supply all 
sprinklers in the room at 50 psi (3.4 bar) for a 
maximum of 30 ft (9.1 m) ceiling or 75 psi (5.2 
bar) for a maximum 35 ft (10.7 m) ceiling. 

(d) The storage shall be piled no higher than 12 ft (3.7 m). 

(e) Any steel columns shall be protected by 1-hour fi re- 
proofing or a sidewall sprinkler directed to one side 
of the column at the top or at the 15-ft (4.6-m) level, 
whichever is lower. Flow from these sprinklers shall 
be permitted to be omitted from the sprinkler system 
demand for hydraulic calculations. 



(2) Where stored without cutoffs from other storage the fol- 
lowing shall apply: 

(a) Plastic pallet storage shall be piled no higher than 4 ft 
(1.2 m). 

(b) Sprinkler protection shall employ high temperature- 
rated sprinklers. 

( c ) Each palle t p i 1 e o f n o m o re th a n two s tac ks s h al 1 be se pa- 
rated from other pallet piles by at least 8 ft (2.4 m) of 
clear space or 25 ft (7.6 m) of stored commodity. 

12.1.9.2.3 Idle plastic pallets shall only be stored in racks 
where protected in accordance with the requirements of Table 
12.1.9.2.1. 

12.1.10 Miscellaneous Storage and Storage of Class I through 
IV up to 12 ft in Height. 

12.1.10.1 Discharge Criteria. 

12.1.10.1.1 For protection of miscellaneous storage up to 
12 ft (3.7 m) in height of Group Aplastic, rubber tires, rolled 
paper, and storage of idle pallets up to 6 ft (1.4 m) in height, the 
discharge criteria in Table 12.1.10.1.1 and Figure 12.1.10 shall 
apply 



Table 12.1.9.2.1 


ESFR Protection of Indoor 


Storage of Idle Plastic Pallets 












Type of 

Sprinkler 

(Orientation) 


Location of 
Storage 


Nominal 
K-Factor 


Maximum 
Storage Height 


Maximum 

Ceiling/ Roof 

Height 


Minimum 
Operating 
Pressure 


Hose Stream 
Demand 


Water 

Supply 

Duration 


ft 


m 


ft 


m 


psi 


bar 


gpm 


L/min 


(hours) 




On floor or 
rack without 
solid shelves 


14.0 


25 


7.6 


30 


9.1 


50 


3.4 


250 


946 






25 


7.6 


32 


9.8 


60 


4.1 




ESFR (pendent) 


35 


10.7 


40 


12.2 


75 


5.2 


i 


16.8 


25 


7.6 


30 


9.1 


35 


2.4 






25 


7.6 


32 


9.8 


42 


2.9 






35 


10.7 


40 


12.2 


52 


3.6 
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FIGURE 12.1.10 Miscellaneous Storage and Commodity Classes I through IV Storage 
12 ft (3.7 m) or Less in Height — Design Curves (see Table 12.1.10.1.1). 
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Table 12.1.10.1.1 Discharge Criteria for Miscellaneous Storage and Commodity 
Classes I through IV Storage 12 ft (3.7 m) or Less in Height 1 



Commodity 



Type of 
Storage 



Storage Height 



Maximum 
Ceiling Height 



Design Curve 
Figure 12.1.10 



Note 



Inside 
Hose 
(gpm) 



Total 
Combined 
Inside and 

Outside 
Hose (gpm) 



Duration 
(minutes) 











Class I to 


IV 










Class 1 




<12 


<3.7 


— 


— 


Curve 2 




0, 50, 
or 100 


250 


90 


Class 11 


<I.O 


<3.05 


— 


— 


Curve 2 




0, 50, 


250 


90 




Pallet i/ed 














or 100 






Class II 


bin box, 
shell", and 
jack 


>10to 

<12 


>3.05 
to <3.7 


— 


— 


Curve 3 




0, 50, 
or 100 


250 


90 


Class III 


<I2 


<3.7 


— 


— 


Curve 3 




0, 50, 


250 


90 


















oi 100 






Class IV 


<10 


<3.05 


— 


— 


Curve 3 




0, 50, 


250 


90 


















or .1.00 






Class IV 


Palletized, 
bin box, 
and shelf 


>10 to 
<I2 


>3.05 
to <3.7 






Curve 3 




0, 50, 
or 100 


500 


90 


Class IV 


Rack 


>10to 
<12 


>3.05 
to<3.7 


_ 


__ 


Curve 4 




0, 50, 
or 100 


500 


90 











Miscellaneous 


G ro u p APlasticS to rage 












Solid and 
expanded 


Palletized, 
bin box, 
shelf, and 

rack 


<5 


<1.5 


— 


— 


Curve 3 




0, 50, 
or 100 


500 


90 




>5 to 
<10 


>1.5 to 

<3.05 


15 


4.6 


Curve 4 




0, 50, 
or 100 


500 


120 




>5 to 
<10 


>1.5 
to<3.05 


20 


6.1 


Curve 5 




0, 50, 
or 100 


500 


.120 




>10 to 

<:i2 


>3.05 
to <3.7 


17 


5.2 


Curve 5 




0, 50, 
or .100 


500 


120 


Cartoned 


>10to 

<12 


>3.05 
to <3.7 


17 


5.2 


Curve 3 


+ 1 
level of 
in -rack 


0, 50, 
or 100 


500 


120 




Palletized, 
bin box, 
and shelf 


>.10 to 

<J2 


>3.05 
to <3.7 


27 


8.2 


Curve 5 




0, 50, 
or 100 


500 


120 




Rack 


>10 to 
<12 


>3.05 
to <3.7 




— 


Curve 3 


+ 1 
level of 
in -rack 


0, 50, 
or 100 


500 


120 




Solid and 
expanded 


Palletized, 
bin box, 
shell, and 

rack 


<5 


<E5 






Curve 3 




0, 50, 

or 100 


500 


90 


Exposed 


Palletized, 
bin box, 
and shelf 


>5 to 

<8 


>.1.5 to 
<2.4 


— 


— 


C ii I've 5 




0, 50, 
or 100 


500 


120 




Palletized, 
bin box, 
shelf, and 
rack 


>5 to 
<I0 


>1.5 to 
<3.05 


15 


4.6 


Curve 5 




0, 50, 
or 100 


500 


120 
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Table 12. 1.10. LI Continued 



Commodity 



Type of 
Storage 



Storage Height 



Maximum 
Ceiling Height 



Design Curve 
Figure 12.1.10 



Note 



Inside 
Hose 
<gpm) 



Total 
Combined 
Inside and 

Outside 
Hose (gpm) 



Duration 
(minutes) 



M i s c e 1 1 a n e o 1 1 s G r o 1 1 p A P 1 as t i c S to i a ge 





Solid 


Palletized, 
bin box, 
shelf, and 

rack 


>5 to 

<10 


>1.5 to 
<3.05 


20 


6.1 


Curve 5 




0, 50, 
or 100 


500 


1 20 




Expanded 


Rack 


>5 to 
<10 


>1.5 to 

<3.05 


20 


6.1 


Curve 3 


+ 1 
level of 
in-rack 


0, 50, 
or 100 


500 


120 


Exposed 


Solid and 
expanded 


Palletized, 
bin box, 
and shelf 


> 1.0 to 
<I2 


>3.05 to 
<3.7 


17 


5.2 


Curve 5 




0, 50, 
or 100 


500 


120 




Rack 


>10 to 
<12 


>3.05 to 

<3.7 


17 


5.2 


Curve 5 




0, 50, 
or 100 


500 


120 




>10to 

<12 


>3.05 to 
<3.7 


17 


5.2 


Curve 3 


+ 1 
level of 

in-rack 


0, 50, 
or 100 


500 


120 




>IOto 

<12 


>3.05 to 
<3.7 


— 


— 


Curve 3 


+ 1 
level of 
in-rack 


0,50, 
or 100 


500 


120 



Miscellaneous Tire Storage 





On floor, on 
side- 


>5 to 

<12 


> 1.5 to 
<3.7 


— 


— 


Cuive 4 




0, 50, 
or 100 


750 


180 




On floor, on 
tread or on 
side 


<5 


<1.5 


— 


— 


Curve 3 




0, 50, 
or 100 


750 


180 


Tires 


Single-, 
double-, or* 
multiple-row 
racks on 
tread or on 
side 


<5 


<1.5 






Curve 3 




0, 50, 
or 100 


750 


180 




Single-row 
lack, 

portable, on 
tread or on 
side 


>5 to 

<I2 


>1.5 to 
<3.7 






Curve 4 




0, 50, 
or 100 


750 


180 




Single-row 
rack, fixed, 
on tread or 
on side 


>5 to 

<12 


>1.5 to 
<3.7 


— 


— 


Curve 4 




0, 50, 
or 100 


750 


180 




>5 to 
<12 


>l.5 to 
<3.7 






Curve 3 


+ 1 
level of 
in-rack 


0, 50, 
or 100 


750 


180 









Miscellaneous Rolled Paper Storage 










Heavy and medium 

weight 


On end 


<10 


<3.05 


— 


— 


Curve 3 




0, 50, 
or 100 


500 


120 


Tissue and light weight 


On cnc\ 


<10 


<3.05 


— 


— 


Curve 4 




0, 50, 
or 100 


500 


120 



Idle Pallet Storage 



Wooden pallets 


Single-row 
rack, fixed 


<6 


<1.8 


— 


— 


Curve 3 




0, 50, 
or 100 


500 


00 


Plastic pallets 


Single-row 
rack, fixed 


<4 


<1.2 


— 


__ 


Ctuve 3 




0, 50, 
or 100 


500 


90 
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1 2 . 1 . 1 . 1 . 2 Fo r th e pro tec ti on of sto rage o f CI ass I th rough 
IV corn mod ides up to 12 ft (3.7 m) in height, the discharge 
cri teria i n Table 12.1 .10. 1 . 1 and Figure 1 2. 1 . 10 shall apply. 

12.1.10.2 Hose Stream Demand and Water Supply Duration. 

12.1.10.2.1 Th e h ose s tre am d em and and wate r supply d no- 
tion for the protection of palletized, solid piled, bin box, shelf 
storage, or rack storage of Class 1 through IV commodities, 
miscellaneous storage of Group Aplastics, and miscellaneous 
rack storage of Class I through IV commodities, up to 12 ft 
(3.7 m) in height shall be in accordance with the require- 
ments of Table 12.1.10.1.1. 

12.1.10.2.2 Th e h ose s t re am d e m an d and wa te r s u pp 1 y d u ra- 
ti on for the protection of miscellaneous storage of rubber 
tires, rolled paper, and idle pallets shall be in accordance with 
th e re q u i re m e n t s of Table 12.1.10.1. 1 . 

12.1.11 High-Expansion Foam Systems. 

12.1.11.1 High-expansion foam systems that are installed in 
addition to automatic sprinklers shall be installed in accor- 
dance with NF.PA 1.1 A, Standard for Medium- and High-Expansion 
Foam. 

12.1.11.2 H i g h-e x pa n s i o n foa m sys tern s s h al 1 be au torn a ti c i n 
operation. 

12.1.11.3 A reduction in ceiling density to one-half that re- 
quired for Class I through Class IV commodities, idle pallets, or 
plastics shall be permitted without revising the design area, but 
the density shall be no less than 0.15 gprn/ft~ (6.1 mm/min). 

12.1.11.4 Hi gh-e xpa n s i o n foam used to pro te c t th e i d 1 e pall e t 
shall have a maximum (ill time of 4 minutes. 

12.1.12 In-Rack Sprinklers. In-rack sprinklers mandated by 
this standard shall meet the requirements of this section and 
the applicable storage protection and arrangement sections of 
this chapter. 

12.1.12.1 Operating Pressure. In-rack sprinklers shall operate 
at a minimum of 1.5 psi (1 bar). 

12.1.12.2 Water Demand. Where one level of in-rack sprin- 
klers is installed for miscellaneous storage, water demand shall 
be based on simultaneous operation of the hydraulically most 
d em and i ng fou r ad j ace n t spri n klers. 

12.1.13* Storage Applications. 

12.1.13.1 For storage applications with densities of 
0.20 gpm/ft" (8.2 mm/min) or less, standard response 
sprinklers with a K-factor of 5.6 or larger shall be permitted. 

12.1.13.2 Fo r ge n e ra 1 s to rage appl i cati o n s , rack s torage , r u b- 
ber tire storage, roll paper storage, and baled cotton storage 
being protected with standard upright and pendent spray 
sprinklers with required densities of greater than 0.20 gpm/ft 2 
(8.2 mm/min) to 0.34 gprn/ft 2 (13.9 mm/min), standard re- 
sponse sprinklers with a nominal K-factor of 8.0 or larger shall 
be used. 

12.1.13.3 For ge n e r al s to rage a p p I i c a ti o n s , i a c k s to i age , ru b- 
ber tire storage, roll paper storage, and baled cotton storage 
being protected with standard upright and pendent spray 
sprinklers with required densities greater than 0.34 gpm/ft 2 
(13.9 mm/min), standard response spray sprinklers with a 
K-factor of 1 1.2 or larger that are listed for storage applications 
shall be used. 



12.1.13.4 The requirements of 12.1.13.2 and 12. 1.13.3 shall 
not apply to modifications to existing storage application sys- 
tems, using sprinklers with K-factors of 8.0 or less. 

12.1.13.5 The use of quick-response spray sprinklers for stor- 
age applications shall be permitted when listed for such use. 

12.2 Fire Control Approach for the Protection of Commodi- 
ties That are Stored Palletized, Solid Piled, Bin Boxes, or 

Shelf Storage. 

12.2.1 General. 

12.2.1.1 This section shall apply to a broad range of combus- 
tibles, including plastics that are stored palletized, solid piled, 
bin boxes, or shelf storage using standard spray sprinklers. 

12.2.1.2* The minimum water supply requirements for a hy- 
draulically designed occupancy hazard fire control sprinkler 
system shall be determined by adding the hose stream de- 
mand from Table 12.2.1.2 to the water supply for sprinklers. 
This supply shall be available for the minimum duration speci- 
fied in Table 12.2.1.2. (See Section C.8.) 

12.2.1.2.1 Anall owan ce for i n si d e an d ou tsid e h ose s h al 1 n o t 
be required where tanks supply sprinklers only. 

12.2.1.2.2 Where pumps taking suction from a private fire 
service main supply sprinklers only, the pump need not be 
sized to accommodate inside and outside hose. Such hose al- 
lowance shall be considered in evaluating the available water 
supplies. 

12.2.1.3 High-Expansion Foam Systems. 

12.2.1.3.1 A reduction in ceiling density to one-half that 
required for Class I through Class IV commodities, idle pal- 
lets, or plastics shall be permitted without revising the de- 
sign area, but the density shall be no less than 0.15 gpm/ft 2 
(6.1 mm/min). 

12.2.1.3.2 Detectors for high-expansion foam systems shall 
be listed and shall be installed at no more than one-half the 
listed spacing. 

12.2.1.3.3 Detection systems, concentrate pumps, genera- 
tors, and other system components that are essential to the 
operation of the system shall have an approved standby power 
source. 

12.2.2 Protection Criteria for Palletized, Solid Piled, Bin Box, 
or Shelf Storage of Class I through IV Commodities. 

12.2.2.1* Control Mode Density-Area Sprinkler Protection 
Criteria for Palletized, Solid Piled, Bin Box, or Shelf Storage 
of Class I through IV Commodities. 

12.2.2.1.1 Protection for Class I through Class IV commodi- 
ties in the following configurations shall be provided in accor- 
dance with this chapter: 

(1) Nonencapsulated commodities that are solid pile, pallet- 
ized, or bin box storage up to 30 ft (9.1 m) in height 

(2) Nonencapsulated commodities on shelf storage up to 
15 ft (4.6 m) in height 

(3)*Encapsulated commodities that are solid pile, palletized, 
bin box, or shelf storage up to 15 ft (4.6 m) in height 

12.2.2.1.2 The area and density for the hydraulically remote 
area and the water supply shall be determined as specified in 
12.1.10 for storage 12 ft (3.7 m) or less and Section 12.2 for 
storage over 12 ft (3.7 m). 
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Table 12.2.1.2 Hose Stream Demand and Water Supply Duration Requirements 



Commodity 
Classification 


Storage Height 


Inside Hose 


Total Combined 

Inside and Outside 

Hose 


Duration 
(minutes) 


ft 


m 


gpm 


L/min 


gpm 


L/min 


Class T, II, and ill 


Over 12 up to 20 


Over 3.7 up to 6.1 


0,50,or'l()0 


0, "190,380 


500 


1 900 


90 


Over 20 up to 30 


Over 6.1 up to 9.1 


0,50, or 100 


0, 190,380 


500 


1900 


120 


Class IV 


Over 12 up to 20 


Over 3.7 up to 6.1 


0, 50, or 100 


0, 190,380 


500 


1900 


120 


Over 20 up to SO 


Over 6.1 up to 9.1 


0, 50, or 100 


0, 190,380 


500 


1900 


1 50 




<5 


< 1 .5 


0,50. or 100 


0, 190,380 


500 


1900 


90 


Group A plastic 


Over 5 up to 20 


Over 1.5 up to 6.1 


0,50, or 100 


0, 190, 380 


500 


1900 


120 




Over - 20 up to 25 


Over 6.1 up to 7.6 


0, 50, or 100 


0, 190, 380 


500 


1900 


1 50 



12.2.2.1.3 Hose connections shall not be required for the 
protection of Class I, II, III, and IV commodities stored 12 ft 
(3.7 m) or less in height 

12.2.2.1.4 Minimum System Discharge Requirements. 

12.2.2.1.4.1 The design density shall not be less than 
. 1 5 gpm / f r (6.1 m m / in in), a n d th e d es i g n a rea sh al 1 n o t be 
less than 2000 ft a ( 186 m 2 ) for wet systems or 2600 ft 2 (242 m 2 ) 
for dry systems for any commodity, class, or group. 

12.2.2.1.4.2 The sprinkler design density for any given area 
of operation for a Class III or Class IV commodity, calculated 
in accordance with 12.2.2, shall not be less than the density for 
the corresponding area of operation for ordinary hazard 
Group 2. 

12.2.2.1.5 Protection Criteria. 

12.2.2.1.5.1 Where using ordinary temperature-rated sprin- 
klers, a single point shall be selected from the appropriate 
com m o cl i ty c u rve o n Fig u re 12.2.2.1. 5 . 1 . 
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FIGURE 12.2.2.1.5.1 Sprinkler System Design Curves, 20-ft 
(6.1-m) High Storage — Ordinary Temperature-Rated 
Sprinklers. 



12.2.2.1.5.2 Where using high temperature-rated sprinklers, 
a single point shall be selected from the appropriate commod- 
ity curve on Figure 12.2.2.1.5.2. 
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FIGURE 12.2.2.1.5.2 Sprinkler System Design Curves, 20-ft 
(6.1-m) High Storage — High Temperature-Rated Sprinklers. 



12.2.2.1.5.3 The densities selected in accordance with 
12.2.2.1.5.1 or 12.2.2.1.5.2 shall be modified in accordance 
wi th F i gu re 12.2.2.1.5.3 w i th o it t rev i s i n g th e d es i g n a re a . 

12.2.2.1.6 In the case of metal bin boxes with face areas not 
exceeding 16 ft 2 (1.5 m~) and metal closed shelves with lace 
areas not exceeding 16 ft" (1.5 m 2 ), the area of application 
shall be permitted to be reduced by 50 percent, provided the 
minimum requirements of 12.2.2.1.4 are met. 

12.2.2.1.7 O id i n aiy- an d i n te rm eel i a te-te m pe ratu re sp ri n- 
kl e rs wi th K-f ac to rs o f 1 1 . 2 o r 1 a rge r, wh ere lis te d lb r s to rage , 
shall be permitted to use the densities from the high tern pe ra- 
tu re c u rves of Fi gu re 12.2.2.1.5.2. 

12.2.2.2 Large Drop Sprinklers and Specific Application Con- 
trol Mode Sprinklers for Palletized or Solid Piled Storage of 
Class I through IV Commodities. 

12.2.2.2.1 P ro te c ti o n o f pal 1 e ti ze d an d solid-piled s to rage of 
Class I through Class IV commodities shall be in accordance 
with Table 12".2.2.2.1 (a) and Table 12.2.2.2. 1 (b). 
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FIGURE 12.2.2.1.5.3 Ceiling Sprinkler Density vs. Storage 
Height. 



12.2.2.2.2 Protection shall be provided as specified in Table 
12.2.2.2.1(a) and Table 12.2.2.2.1(b), or appropriate NFPA 
standards in terms of minim rim operating pressure and the 
number of sprinklers to be included in the design area. 

12.2.2.2.2.1 Th e m in i m u m n u m be r of d es ign s p ri n kl e rs for 
ordinary hazard and miscellaneous storage in accordance with 
this standard shall be 15 for wet pipe systems and 25 for 
double interlock preaction systems and dry pipe systems. 

12.2.2.2.2.2 For large drop sprinkler design purposes, 95 psi 
(6.6 bar) shall be the maximum discharge pressure at the hy- 
draulically most remote sprinkler. 

12.2.2.2.2.3 Open Wood Joist Construction. 

(A) Where large drop K-1L2 sprinklers are installed under 
open wood joist construction, their minimum operating pres- 
sure shall be 50 psi (3.4 bar). 

(B) For large drop sprinklers, where each joist channel of 
open, wood joist construction is fully fire-stopped to its full 
depth at intervals not exceeding 20 ft (6.1 in), the lower pres- 
sures specified in Table 12.2.2.2.1(a) shall be permitted to be 
used. 



Table 12.2.2.2.1(a) Large-Drop Sprinkler Design Criteria for Palletized and Solid-Piled 
Storage of Class I through IV Commodities 



Storage 
Arrangement 


Commodity 
Class 


Nominal 
K-Factor 


Maximum 
Storage 
Height 


Maximum 

Ceiling/ Roof 

Height 


Type of 
System 


Number of Design 

Sprinklers / 
Minimum Pressure 


Hose Stream 
Demand 


Water Supply 

Duration 

(hours) 


ft 


m 


ft 


m 


/psi 


/bar 


gpm 


L/min 




I, II, III 


11.2 


25 


7.6 


35 


10.7 


Wet 


15/25 


15/1.7 


500 


1900 


2 




Dry 


25/25 


25/1.7 


500 


1900 


2 




IV 


11.2 


20 


6.1 


30 


9.1 


Wet 


20/25 


20/1.7 


500 


1900 


2 


Palletized 


Dry 


N/A 


N/A. 


N/A 


N/A 


N/A 






11.2 


20 


6.1 


30 


9.1 


Wet 


15/50 


15/3.4 


500 


1900 


2 




Dry 


N/A 


N/A 


N/A. 


N/A 


N/A 




1, II, III 


11.2 


20 


6.1. 


30 


9.1 


Wet 


15/25 


15/1.7 


500 


1900 


2 




Dry 


25/25 


25/1.7 


N/A 


N/A 


N/A 


Solid Pile 


IV 


11.2 


20 


6.1 


30 


9.1 


Wet 


15/50 


.15/3.4 


500 


1900 


2 




Dry 


N/A 


N/A 


N/A 


N/A. 


N/A. 



Table 12.2.2.2.1(b) Specific Application Control Mode (16.8 K-Factor) Sprinkler Design 
Criteria for Palletized and Solid-Piled Storage of Class I through IV Commodities 





Commodity 
Class 


Maximum Storage 
Height 


Maximum 
Building Height 


Type 

of 
System 


Number of Design Sprinklers by 
Minimum Operating Pressure 


Hose Stream 
Demand 


Water Supply 

Duration 

(hours) 


Configuration 


ft 


m 


ft 


m 


10 psi 
(0.7 bar) 


22 psi 
(1.5 bar) 


gpm 


L/min 


Palletized 


I 01 II 


25 


7.6 


30 


9.1 


Wet 


15 


— 


500 


.1900 


2 


Palletized 


III or IV 


25 


7.6 


30 


9.1 


Wet 


— 


15 


500 


1900 


2 


Solid pile 


lor II 


25 


7.6 


30 


9.1 


Wet 


15 


__ 


500 


1900 


1 V> 


Solid pile 


III or IV 


25 


7.6 


30 


9.1 


Wet 


— 


15 


500 


1900 


1 Vjl 
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12.2.2.2.2.4 For large drop sprinklers, the design area shall be a 
rectangular area having a dimension parallel to the branch lines 
at least 1.2 times the square root of the area protected by the 
number of sprinklers to be included in the design area. Any frac- 
tional sprinkler shall be included in the design area. 

12.2.2.2.2.5 Hose stream demand and water supply duration 
requirements shall be in accordance with Table 12.2.2.2.1(a) 
and Table 12.2.2.2.1(b). 

12.2.2.2.2.6 Preaction Systems. 

(A) Fo r th e pu r pose of us i n g Tabl e 1 2 . 2 . 2 . 2 . 1 ( a ) and Tab 1 e 
12.2.2.2.1(b), preaction systems shall be classified as dry pipe 
systems. 

(B ) W h e i e i t c a n be d e m o n s tra te d t h a t th e d e te c t i o n sy s te m 
activating the preaction system will cause water to be at the 
sprinklers when they operate, preaction systems shall be per- 
mitted to be treated as wet pipe systems. 

12.2.2.2.2.7 The nominal diameter of branch line pipes (in- 
cl u d i n g rise r n i p pies ) sh al 1 m e e t th e f 61 1 owi n g: 

(1) Shall not be not less than l l /i in. (32 mm) nor greater 
than 2 in. (51 mm). 

(2) Starter pieces shall be permitted to be 2¥> in. (64 mm). 

(3) Where branch lines are larger than 2 in. (51 mm), the 
sprinkler shall be supplied by a riser nipple to elevate the 
sprinkler 13 in. (330 mm) for 2 1 /2-in. (64-mm) pipe and 
15 in. (380 mm) for 3-in. (76-mm) pipe. These dimen- 
sions are measured from the centerline of the pipe to the 
deflector. In lieu of this, sprinklers shall be permitted to 
be offset horizontally a minimum of 12 in. (305 mm). 

12.2.2.2.2.8 Building steel shall not require special protec- 
tion where Table 12.2.2.2.1(a) and Table 12.2.2.2.1(b) are ap- 
plied as appropriate for the storage configuration. 

12.2.2.3 Early Suppression Fast-Response (ESFR) Sprinklers 
for Palletized or Solid Piled Storage of Class I through IV 
Commodities. 

12.2.2.3.1 Protection of palletized and solid pile storage of 
Classes 1 through IV shall be in accordance with Table 
12.2.2.3.1. 

12.2.2.3.2 ESFR s p r i n kl e r sys te m s sh al 1 be d esign ed such th at 
the minimum operating pressure is not less than that indi- 
cated in Table 12.2.2.3.1 commodity, storage height, and 
building height involved. 

12.2.2.3.3 The design area shall consist of the most hydrauli- 
cally demanding area of 12 sprinklers, consisting of four sprin- 
klers on each of three branch lines. The design shall include a 
minimum of 960 ft 2 (89 m~). 

12.2.2.3.4 Wh e re ESFR sprinkle rs are i nstall ed above an d be- 
low obstructions, the discharge for up to two sprinklers for 
one of the levels shall be included with those of the other level 
in the hydraulic calculations. 

12.2.2.4 Special Design for Palletized, Solid Piled, Bin Box, 
or Shelf Storage of Class I through IV Commodities. Bin box 

and shelf storage that is over 12 ft (3.7 m) but not. in excess of 
the height limits of 12.2.2.1 and that is provided with walkways 
at vertical intervals of not over 12 ft (3.7 m) shall be protected 
with automatic sprinklers under the walkway(s). Protection 
shall be as follows: 

( 1 ) Ceiling des i gn d e n si ty s h al 1 be base d o n th e to tal h e i gh t of 
s to rage wi th i n th e bu i 1 d i n g . 



(2) Automatic sprinklers under walkways shall be designed to 
maintain a minimum discharge pressure of 15 psi (1 bar) 
for the most hydraulically demanding six sprinklers on 
each level. Walkway sprinkler demand shall not be re- 
quired to be added to the ceiling sprinkler demand. 
Sprinklers under walkways shall not be spaced more than 
8 ft (2.4 m) apart horizontally. 

12.2.3 Protection Criteria for Palletized, Solid Piled, Bin Box, 
or Shelf Storage of Plastic and Rubber Commodities. 

12.2.3.1* Control Mode Density-Area Sprinkler Protection 
Criteria for Palletized, Solid Piled, Bin Box, or Shelf Storage 
of Plastic and Rubber Commodities. 

12.2.3.1.1* Plastics stored up to 25 ft (7.62 m) in height pro- 
tected by spray sp ri n k 1 e rs sh al 1 be i n acco rdan ce wi th 12.2.3.1. 
The decision tree shown in Figure 12.2.3.1 .1 shall be used to 
determine the protection in each specific situation. 

12.2.3.1.2* Factors affecting protection requirements such 
as closed/ open array, clearance between storage and sprin- 
klers, and stable /unstable piles shall be applicable only to 
storage of Group A plastics. This decision tree also shall be 
used to determine protection for commodities that are not 
wholly Group A plastics but contain such quantities and ar- 
range m e n ts o f th e s am e th a t th ey a re d e e m e d m o r e h azar d- 
ous than Class IV commodities. 

12.2.3.1.3 Group B plastics and free-flowing Group A plastics 
shall be protected in the same manner as a Class IV commod- 
ity. See 12.2.2 for protection of these storage commodities 
with spray sprinklers. 

12.2.3.1.4 Group C plastics shall be protected in the same 
man n e r as a CI ass 1 1 1 co m mod i ty. Se e 12.2.2 for p ro tec tio n of 
these storage commodities with spray sprinklers. 

12.2.3.1.5* Storage Conditions. 

12.2.3.1.5.1 The design of the sprinkler system shall be based 
on those conditions that routinely or periodically exist in a 
building that create the greatest water demand. These condi- 
tions include the following: 

(1) Pile height 

(2) Clearance 

(3) Pile stability 

(4) Array 

12.2.3.1.5.2 Where die distance between roof/ceiling height 
and top of storage exceeds 20 ft (6.1 m), protection shall be pro- 
vided for the storage height that would result in a 20-ft (6.1-m) 
distance between the roof/ ceiling height and top of storage. 

12.2.3.1.6* Design areas and densities for the appropriate 
storage configuration shall be selected from Table 12.2.3.1.6. 
The columns A, B, C, D, and E correspond to the protection 
required by the decision tree shown in Figure 12.2.3. 1.1. 

12.2.3.1.7 For Table 12.2.3.1.6 the design areas shall be as 
follows: 

(1) The area shall be a minimum of 2500 ft 2 (232 m 2 ). 

(2) Where Table 12.2.3.1.6 allows densities and areas to be 
selected in accordance with Figure 12.1.10, Curve 3, any 
density-area from Curve 3 shall be permitted. 

(3) For closed arrays, the area shall be permitted to be re- 
duced to 2000 ft 2 (186 m 2 ). 
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Table 12.2.2.3.1 


ESFR Protection 


of Palletized and Solid-Pile Storage of Class I through IV Commodities 








Maximum 
Storage Height 


Maximum 

Ceiling/Roof 

Height 


Nominal 
K-Factor 


Orientation 


Minimum Operating 
Pressure 


Hose Stream 
Demand 


Water 

Supply 

Duration 

(hours) 


Commodity 


ft 


m 


ft 


m 


psi 


bar 


gpm 


L/min 




20 


6.1 


25 


7.6 


11.2 


Upright 


50 


3.4 


250 


946 






14.0 


Upright or 
pendent 


50 


3.4 






16.8 


Pendent 


35 


2.4 






25.2 


Pendent 


15 


1.0 






25 


7.6 


30 


9.1 


14.0 


Upright or 
pendent 


50 


3.4 






16.8 


Pendent 


35 


2.4 






25.2 


Pendent 


15 


1.0 




Class I, II, III, 
or IV, 

encapsulated 


32 


9.8 


14.0 


Upright or 
pendent 


60 


4.1 


i 


(no open-top 
containers or 


16.8 


Pendent 


42 


2.9 




solid shelves) 


30 


9.1 


35 


10.7 


14.0 


Upright or 
pendent 


75 


5.2 






16.8 


Pendent 


52 


3.6 






25.2 


Pendent 


20 


1.4 






35 


10.7 


40 


12.2 


14.0 


Pendent 


75 


5.2 






16.8 


Pendent 


52 


3.6 






25.2 


Pendent 


25 


1.7 






35 


10.7 


45 


13.7 


25.2 


Pendent 


40 


2.8 






40 


12.2 


45 


13.7 


25.2 


Pendent 


40 


2.8 





12.2.3.1.8 In terpol ati o n of d en si ties be tween storage heigh ts 
shall be permitted. Densities shall be based upon the 2500 ft 2 
(232 m ) design area. The "up to" in the table is intended to 
aid in the interpolation of densities between storage heights. 
Interpolation of ceiling/ roof heights shall not be permitted. 

12.2.3.2 Large Drop Sprinklers and Specific Application Con- 
trol Mode Sprinklers for Palletized or Solid Piled of Plastic 
and Rubber Commodities. 

12.2.3.2.1 Protection of palletized and solid-piled storage of un- 
expanded plastic and expanded plastic commodities shall be in 
accordance with Table 12.2.3.2.1(a) or Table 12.2.3.2.1(b). 

12.2.3.2.2 Protection shall be provided as specified in Table 
12.2.3.2.1(a) and Table 12.2.3.2.1(b) or appropriate NFPA 
standards in terms of minimum operating pressure and the 
number of sprinklers to be included in the design area. 

12.2.3.2.2.1 For design purposes, 95 psi (6.6 bar) shall be the 
maximum discharge pressure at the hydraulically most remote 
sprinkler. 



12.2.3.2.2.2 Open Wood Joist Construction. 

(A) Where large drop K-1I.2 sprinklers are installed under 
open wood joist construction, their minimum operating pres- 
sure shall be 50 psi (3.4 bar). 

(B) Where each joist channel of open, wood joist construc- 
tion is fully fire-stopped to its full depth at intervals not ex- 
ceeding 20 ft (6.1 m), the lower pressures specified in Table 
12.2.3.2.1 (a) shall be permitted to be used. 

12.2.3.2.2.3 The design area shall be a rectangular area hav- 
ing a dimension parallel to the branch lines at least 1.2 times 
the square root of the area protected by the number of sprin- 
klers to be included in the design area. Any fractional sprin- 
kler shall be included in the design area. 

12.2.3.2.2.4 Hose stream demand and water supply duration 
requirements shall be in accordance with Table 12.2.3.2.1(a) 
and Table 12.2.3.2.1(b). 
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Group A (See Note) 



Plastics 



Group B 
Class IV 



Group C 
Class III 



Expanded 



Nonexpanded 



Free-flowing 
Class IV 



Cartoned 



Exposed 



Stable 

Table 12.2.3.1.6 

Column E 



Unstable 

Table 12.2.3.1.6 

Column D 



Stable 

Table 12.2.3.1.6 

Column B 



Unstable 

Table 12.2.3.1.6 

Column A 



Unstable 

Table 12.2.3.1.6 

Column C 



Solid Unit Load 

Table 12.2.3.1.6 

Column A 



Stable 



Cartoned 

Table 12.2.3.1.6 

Column C 



Exposed 

Table 12.2.3.1.6 

Column E 



Note: Cartons that contain Group A plastic material shall be permitted to be treated as Class IV commodities 
under the following conditions: 

(a) There shall be multiple layers of corrugation or equivalent outer material that would significantly delay fire 
involvement of the Group A plastic 

(b) The amount and arrangement of Group A plastic material within an ordinary carton would not be expected 
to significantly increase the fire hazard 

FIGURE 12.2.3.1.1 Decision Tree. 

Table 12.2.3.1.6 Design Densities for Palletized, Solid Piled, Bin Box, or Shelf Storage of Plastic and Rubber Commodities 



Storage 
Height 






Density 


Roof/Ceiling Height 


A 


B 


C 


D 


E 


ft 


m 


ft 


m 


gpm/ft 2 


mm/min 


gpm/ft 2 


mm/min 


gpm/ft 2 


mm/min 


gpm/ft 2 


mm/min 


gpm/ft 2 


mm/min 


<5 


1.52 


up to 25 


up to 7.62 


Curve 3 


Curve 3 


Curve 3 


Curve 3 


Curve 3 


Curve 3 


Curve 3 


Curve 3 


Curve 3 


Curve 3 


<I2 


3.66 


up to 15 
>15 to 20 
>20 to 32 


up to 4.57 
>4.57 to 6.1 
>6.1 to 9.75 


0,2 
0.3 
0.4 


8.2 
12.2 
16.3 


Curve 5 
0.6 

0.8 


Curve 5 
24,5 

32.6 


0.3 
0.5 
0.6 


12.2 
20.4 
24.5 


Curve 4 

Cuive 5 

0.45 


Curve 4 
Cuive 5 

18.3 


Curve 5 
Curve 5 

0.7 


Curve 5 
Curve 5 

28.5 


15 


4.5 


up to 20 
>20 to 25 
>25 to 35 


up to 6.1 

>6.1 to 7.62 

>7.62 to 

10.67 


0.25 

0.4 

0.45 


10.2 
16.3 
18.3 


0.5 

0.8 
0.9 


20.4 
32.6 
36.7 


0.4 
0.6 

0.7 


16.3 
24.5 

28.5 


0.3 

0.45 

0.55 


12.2 
18.3 
22.4 


0.45 

0.7 
0.85 


18,3 

28.5 
34.6 


20 


6.1 


up to 25 

>25 to 30 
>30 to 35 


up to 7.62 

>7.62to9.14 

>9.14to 

10.67 


0.3 

0.45 
0.6 


12.2 

1.8.3 
24.5 


0.6 
0.9 
1.2 


24.5 
36.7 

48.9 


0.45 
0.7 

0.85 


18.3 
28.5 
34,6 


0.35 
0.55 
0.7 


14.3 

22.4 
28.5 


0.55 
0.85 
1.1 


22.4 
34.6 

44.8 


25 


7.62 


up to 30 
>30 to 35 


up to 9.14 
>9.14to 

10.67 


0.4 
0.6 


16.3 
24.5 


0.75 
1.2 


30.6 

48.9 


0.55 

0.85 


22.4 
34.6 


0.45 

0.7 


18.3 

28.5 


0.7 
1.1 


28.5 
44.8 



Notes: 

1. Minimum clearance between sprinkler deflector and top of storage shall be maintained as required. 

2. Column designations correspond to the configuration of plastics storage as follows: 
A: (1) Nonexpanded, unstable 

(2) Nonexpanded, stable, solid unit load 
B: Expanded, exposed, stable 
C: (1) Expanded, exposed, unstable 

(2) Nonexpanded, stable, cartoned 
D: Expanded, cartoned, unstable 
E: (1 ) Expanded, cartoned, stable 

(2) Nonexpanded, stable, exposed 

3. Curve 3 - Density required by Figure 12.1.10 for Curve 3 
Curve 4 = Density required by Figure 12.1.10 for Curve 4 
Curve 5 - Density required by Figure 12.1.10 for Curve 5 

4. Hose streams and durations shall be as follows: <5 ft 250 gpm and 90 minutes; >5 ft to <20 ft 500 gpm and 
120 minutes, >20 ft to <25 ft 500 gpm and 150 minutes. 
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Table 12.2.3.2.1(a) Large-Drop Sprinkler Design Criteria for Palletized and Solid-Piled 
Storage of Plastic and Rubber Commodities 



Storage 
Arrangement 


Commodity 
Class 


Nominal 
K-Factor 


Maximum 
Storage Height 


Maximum 

Ceiling/ Roof 

Height 


Type of 
System 


Number of Design 

Sprinklers / 
Minimum Pressure 


Hose Stream Demand 


Water 

Supply 

Duration 

(hours) 


ft 


m 


ft 


m 


/psi 


/bar 


SP m 


L/min 




Cartoned or 
exposed 
unexpended 
plasties 


1 1.2 


20 


(11 


30 


9.1 


Wet 


25/25 


25/1.7 


500 


1900 


2 




Dry 


N/A 


N/A 


N/A 


N/A 


N/A 


.Palletized 


Cartoned or 
exposed 
expanded 
plastics 


.1.1.2 


18 


5 . 5 


26 


7.9 


Wet 


15/50 


1.5/3.4 


500 


1900 


Q 




Dry 


N/A 


N/A 


N/A 


N/A 


N/A 


Solid pile 


Cartoned or 

exposed 

nnexpanded 

plasties 


1 1.2 


20 


6.1 


30 


9.1 


Wet 


.15/50 


15/3.4 


500 


1 900 


2 


Dry 


N/A 


N/A. 


N/A. 


N/A 


N/A 



Table 12.2.3.2.1(b) Specific Application Control Mode (16.8 K-Factor) Sprinkler Design 
Criteria for Palletized and Solid-Piled Storage of Plastic and Rubber Commodities 





Commodity 
Class 


Maximum 
Storage Height 


Maximum 

Building 

Height 


Type of 
System 


Number of Design 

Sprinklers by Minimum 

Operating Pressure 


Hose Stream 
Demand 


Water Supply 

Duration 

(hours) 


Configuration 


ft 


m 


ft 


m 


10 psi 
(0.7 bar) 


22 psi 
(1.5 bar) 


gpm 


L/min 


Palletized 


Cartoned or 

exposed 

nnexpanded 

plasties 


L> 5 


7.6 


30 


9.1 


Wet 




15 


500 


1900 


2 


Solid pile 


Cartoned or 
exposed 
nnexpanded 
plastics 


25 


7.6 


30 


9.1 


Wet 




15 


500 


1900 


V/> 



12.2.3.2.2.5 Preaction Systems. 

(A) For the purpose of using 12.2.3.2.1, preaction systems 
shall be classified as dry pipe systems. 

(B) Where it can be demonstrated that the detection system 
activating the preaction system will cause water to be at the 
sprinklers when they operate, preaction systems shall be per- 
mitted to be treated as wet pipe systems. 

12.2.3.2.2.6 Th e n o m i n a 1 d ia me te r o 1 b ranch 1 i n e p i pes ( i n- 

c It i cl i n g r i se r n i pp 1 cs ) s h a 1 1 m ee t the fo 1 1 owi n g : 

( 1 ) P i pe cl ia m e te i * s h a 1 1 n of be n o t 1 ess th a n 1 '/i i n . ( 3 3 m m ) 
n o r grea te r 1 1 i a n 2 i n . ( 5 1 m m ) . 

( 2 ) S ta r te r p i e ce s s h a 1 1 b c p e r m i tied to be 2 l Ai i n . ( 64 m m ) . 

(3) Where branch lines are larger than 2 in. (51 mm), the 
s p r i n k 1 e i ' s h a 11 be sup p 1 i e cl b y a r i s e r n i p p 1 e to el e va te t h e 
sprinkler 13 in. (330 mm) for 2'/;-im (64-mm) pipe and 
15 in. (380 mm) for 3-in. (76-mtn) pipe. These dimen- 
sions are measured from the centei line of the pipe to the 
cl e 11 e t: to r. I n 1 i e 1 1 o f I h is, s p i ' i n k 1 e rs s h all be pe rm i tie d to 
be oJTse t h ori zo n ta 1 1 y a m i n i mum of 1 2 i n . ( 305 m m ) . 



12.2.3.2.2.7 Building steel shall not require special protec- 
tion where Table 12.2.3.2.1(a) and Table 12.2.3.2.1(b) is ap- 
plied as appropriate for the storage configuration. 

12.2.3.3 Early Suppression Fast-Response (ESFR) Sprinklers for 
Palletized, Solid Piled of Plastic and Rubber Commodities. 

12.2.3.3.1 Protection of palletized and solid pile storage of 
carlo n e d o r u nca r to n e d u n ex pa n cl e d p las ti c an cl carton eel e x- 
p a n d e cl p 1 as ti c sh a .1 1 be i n ac co rd an c e w i th Tab 1 e 12.2.3.3. 1 . 

12.2.3.3.2 ESFR s pri nkle r sys te m s s h al 1 be d e signed s u c h that 
the minim tun operating pressure is not less than that indi- 
cated in Ta bl e 1 2.2.3.3.1 lb r type of s to rage , com mod i ty, s to r- 
age h ei gh t, an d btti 1 d i n g h ei gh t i n volvecl . 

12.2.3.3.3 The design a rea shal 1 consist of th e m os t hydrauli- 
c al 1 y d e m an d i n g a re a of 1 2 sp ri n kl e rs , con s i s ti n g of fo ti r sp r i n- 
k 1 e rs o n e ach of th r ee bra n c h 1 i n es . T h e d e s i »n s hall i n cl u d e a 
minimum of 960 ft" (89 m~). 

12.2.3.3.4 Wh e re ESFR sp r i n kl e rs a re i n s tal 1 ed a bo ve a n d be- 
low obstructions, the discharge for up to two sprinklers for 
one of the levels shall be included with those of the other level 
i n th e h vd raul i c cal c u 1 a t i o n s . 
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Table 12.2.3.3.1 ESFR Protection of Palletized and Solid-Pile Storage of Plastic and Rubber Commodities 



Storage Arrangement 



Commodity 



Maximum 
Storage Height 



ft m 



Maximum 

Ceiling/ Roof 

Height 



ft m 



Nominal 
K-Factor 



Orientation 



Minimum 
Operating 
Pressure 



psi 



bar 



Hose Stream 
Demand 



gpm 



L/min 



Water 

Supply 

Duration 

(hours) 



20 



Palletized and solid pile 
storage (no open-top 
containers or solid 
shelves) 



Cartoned 
unexpanded 

plastic 



30 



6.1 



7.6 



9.1 



11.2 



Upright 



.1.4.0 



25 



7.6 



Upright, or 

pendent 



16.8 



Pendent 



25.2 



Pendent 



15 



14.0 



Upright or 
pendent 



30 



1 6.8 



Pendent 



25.2 



Pendent 



14.0 



Pendent 



7.6 



1 6.8 



Pendent 



25.2 



Pendent 



Pendent 



40 



12.2 



16.8 



Pendent 



25.2 



Pendent 



.13.7 



25.2 



Pendent 



40 



14.0 



Upright: or 
pendent 



50 



30 



9.1 



16.8 



Pendent 



25.2 



Pendent 



1.4.0 



9.8 



Upright, or 

pendent 



60 



16.8 



Pendent 



14.0 



Upright: or 
pendent 



7.6 



16.8 



Pendent 



25.2 



Pendent 



20 



140 



Upright or 

pendent. 



75 



12.2 



16.8 



Pendent. 



52 



25.2 



Pendent 



25 



45 



.1.3.7 



25.2 



Pendent 



40 



1 4.0 



Upright or 
pendent 



10.7 



:i6.8 



Pendent 



52 



25.2 



'Pendent 



20 



14.0 



Pendent 



40 



12.2 



16.8 



Pendent: 



25.2 



Pendent 



25 



45 



"13,7 



25.2 



Pendent 



3.4 



2.4 



3.4 



2.4 



1.0 



1.4 



5.2 



3.6 



1.7 



2.S 



2.4 



1.0 



4.1 



2.9 



3.6 



1.4 



5.2 



1.7 



2.8 



3.6 



I A 



5.2 



3.6 



1.7 



2..S 



250 



94(3 
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Table 12.2.3.3.1 Continued 



Storage Arrangement 



Commodity 



Maximum 
Storage Height 



Maximum 

Ceiling/ Roof 

Height 



ft 



Nominal 
K-Factor 



Orientation 



Minimum 
Operating 
Pressure 



pst 



bar 



Hose Stream 
Demand 



gpm 



L/min 



Water 

Supply 

Duration 

(hours) 



Cartoned 
unexpanded 
plastic 
(continued) 



Exposed 
unexpanded 

plastic 



Palletized and solid pile 
storage (no open-top 
containers or solid 

shelves) 



Cartoned 

expanded 

plastic 



14.0 



Pendent 



35 



40 



12.2 



16.8 



10.7 



Pendent 



25.2 



Pendent 



45 



13.7 



25.2 



Pendent 



40 



12.2 



45 



13.7 



25.2 



Pendent 



25 



7.6 



14.0 



Pendent 



16.8 



Pendent 



30 



9.1 



14.0 



Pendent 



20 



6.1 



16.* 



Pendent 



35 



10.7 



14.0 



Pendent 



16.8 



Pendent 



40 



12.2 



14.0 



Pendent 



16.8 



Pendent 



14.0 



30 



9.1 



Pendent 



16.8 



Pendent 



32 



14.0 



Pendent 



9.8 



25 



7.6 



16.8 



Pendent 



35 



10.7 



14.0 



Pendent 



16.8 



Pendent 



14.0 



Pendent 



40 



12.2 



16.* 



Pendent 



35 



10.7 



1 4.0 



Pendent 



30 



16.8 



9.1 



Pendent 



40 



12.2 



14.0 



Pendent 



16i 



Pendent 



35 



10.7 



40 



12.2 



14.0 



Pendent 



16.8 



Pendent 



14.0 



25 



7.6 



Upright or 
pendent 



75 



52 



25 



40 



40 



50 



35 



50 



35 



75 



52 



75 



52 



50 



35 



60 



42 



75 



52 



75 



52 



75 



52 



75 



52 



75 



52 



50 



20 



16.8 



Pendent 



35 



6.1 



14.0 



30 



9.1 



Upright or 
pendent 



50 



16.8 



Pendent 



35 



14.0 



30 



9.1 



Upright or 
pendent 



50 



7.6 



16.8 



Pendent 



35 



14.0 



32 



9.8 



Pendent 



60 



16.* 



Pendent 



42 



5.2 



3.6 



1.7 



2.8 



2.8 



3.4 



2.4 



3.4 



2.4 



5.2 



3.6 



5.2 



3.6 



3.4 



2.4 



4.1 



2.9 



5.2 



3.6 



5.2 



3.6 



5.2 



3.6 



5.2 



3.6 



5.2 



3.6 



3.4 



2.4 



3.4 



2.4 



3.4 



2.4 



4.1 



2.9 



250 



946 
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12.2.3.4 Special Design for Palletized, Solid Piled, Bin Box, or 
Shelf Storage of Plastic and Rubber Commodities. (Reserved) 

12.3 Protection of Commodities Stored on Racks. (See Section 
C.9.) 

12.3.1 Protection Criteria — General. 

12.3.1.1 This section shall apply to storage of materials repre- 
senting the broad range of combustibles stored in racks. 

12.3.1.2* Sprinkler Protection Criteria. 

12.3.1.2.1 Spr in kl e r p ro te c ti one ri te ri a fo r the s to rage of m a- 
te rials on racks shall be in accordance with 12.3.2 or 1 2.3.3 for 
storage up to 25 ft (7.6 m), and 12.3.4 and 12.3.5 for storage 
over 25 ft (7.6 m). 

12.3.1.2.2* Protection criteria for Group A plastics shall be 
permitted for the protection of the same storage height and 
co nfigu ra ti o n o f C 1 ass 1 ,11, II I , an d IV com m od ities . 

12.3.1.3 Hose connections shall not be required for the pro- 
tection of Class 1, II, III, and IV commodities stored 12 ft; 
(3.7 m) or less in height. 

12.3.1.4 Th e d e s i gn 11 gu r es i n d i ca te wa tc r d e man d s f o r o r- 
dinary temperature-rated and nominal high temperature- 
rated sprinklers at the ceiling. The ordinary-temperature 
design densities correspond to ordinary temperature-rated 
sprinklers and shall be used for sprinklers with ordinary- 
and intermediate-temperature classification. The high- 
temperature design densities correspond to high 
temperature-rated sprinklers and shall be used for sprin- 
klers having a high temperature rating. 

12.3.1.5 Ordinary- and intermediate-temperature sprin- 
kl e rs w i th K-fac to rs of 11.2 or la rge r, where lis te d fo r s to r- 
age, shall be permitted to use the densities for high- 
temperature sprinklers. 

12.3.1.6 Movable Racks. Rack storage in movable racks shall 
be protected in the same manner as multiple-row racks. 

12.3.1.7 Fire Protection of Steel Columns — Columns within 
Storage Racks of Class I through Class IV and Plastic Com- 
modities. (See Section (110.) 

12.3.1.7.1 Where sprinkler protection of building columns 
within the rack structure or vertical rack members supporting 
the building are required in lieu of fi reproofing, sprinkler 
protection in accordance with one of the following shall be 
provided: 

(1) Sidewall sprinklers at the 15-ft (4.6-m) elevation, pointed 
toward one side of the steel column 

(2) Provision of ceiling sprinkler density for a minimum of 
2000 fr (186 m 2 ) with ordinaiy 165°F (74°C) or high tem- 
perature 286°F (141°C) rated sprinklers as shown in Table 
12.3.1.7.1 for storage heights above 15 ft (4.6 m), up to 
and including 20 ft (6.1 m) 

(3) Provision of large drop, specific application control mode 
or ESFR ceiling sprinkler protection 

12.3.1.7.2 The flow from a column sprinkler (s) shall be 
permitted to be omitted from the sprinkler system hydrau- 
lic calculations. 

12.3.1.8 High-Expansion Foam. 

12.3.1.8.1* Where high-expansion foam systems are installed, 
they shall be in accordance with NFPA 11 A, Standard for 

Mediums- and High-Expansion Foam, and they shall be automatic 
i n o pe ra ti o n , u n 1 ess m od i fi ed by th i s s ta n da id . 



Table 12.3.1.7.1 Ceiling Sprinkler Densities for Protection 
of Steel Building Columns 





Aisle Width 


Commodity 
Classification 


4 ft (1.2 m) 


8 ft (2.4 m) 


gpm/ft 2 (L/min)/m 2 


gpm/ft 2 (L/min)/m 2 


Class I 


0.37 15.1 


0.33 13.5 


Class If 


0.44 17.9 


0.37 15.1 


Class III 


0.49 20 


0.42 17.1 


Class TV and 


0.68 27.7 


0.57 23.2 


Plastics 







12.3.1.8.2 In-rack sprinklers shall not be required where 
high-expansion foam systems are used in combination with 
ceiling sprinklers. 

12.3.1.8.3 Detectors for High-Expansion Foam Systems. 

12.3.1.8.3.1 Detectors shall be listed and shall be installed in 
one of the following configurations: 

(1) At the ceiling only where installed at one-half the listed 
linear spacing [e.g., 15 ft x 15 ft (4.6 in x 4.6 m) rather 
than at 30 ft x 30 ft (9.1 m x 9.1 m)]; at the ceiling at the 
lis te d spa ci n g a n d i n rac ks at a 1 te r n ate 1 eve 1 s 

(2) Where listed for rack storage installation and installed in 
accordance with the listing to provide response within 1 
minute after ignition using an ignition source that is 
equivalent to that used in a rack storage testing program 

12.3.1.8.3.2 Ce i 1 i n g de te c to rs a 1 o n e s h a .1 1 n o t be used wh e re 
the ceil i n g/ r oo f clearan ce fro m th e to p o 1 ' th e s to rage exceeds 
10 ft (3.1 m) or the height of the storage exceeds 25 ft (7.6 m). 

12.3.1.8.4 Detectors for p reaction systems shall be installed 
in accordance wi th 12.3.1.8.3. 

12.3.1.9 Solid Shelving. 

12.3.1.9.1 Where solid shelving in single-, double-, and 
multiple-row racks exceeds 20 ft 2 but does not exceed 64 fr in 
area, sprinklers shall not be required below every shelf, but shall 
be installed at the ceiling and below shelves at intermediate levels 
not more than 6 ft (2 m) apart vertically. (See Section C..U.) 

12.3.1.9.2 Where solid shelving in single-, double-, and 
multiple-row racks exceeds 64 fr in area or where the levels of 
storage exceed 6 ft (2 m), sprinklers shall be installed at the 
ceiling and below each level of shelving. 

1 2.3. 1.10 Open-Top Combustible Containers. See Section C. 1 2. 

12.3.1.11 In-Rack Sprinklers. 

12.3.1.11.1 The number of sprinklers and the pipe sizing on 
a I i n e o f s p r i n k 1 e r s i n r ac ks s h a 1 1 b e r e s t r i c te d only by h yd r a u 1 i c 
calculations and not by any piping schedule. 

12.3.1.11.2 When in-rack s p ri n kl e rs a re n ecessary to p ro tec t a 
higher hazard commodity that occupies only a portion of the 
length of a rack, in-rack sprinklers shall be extended a mini- 
mum of 8 ft or one bay, whichever is greater, in each direction 
alo n g th e r ac k o n e i th e r s i d e o f th e 1 i i g h e r h a za i d . T h e i n - r a c k 
s p r i n kl e rs p ro te c t i n g th e h i gh e r h a za rd n e ed n o t be e x te n de d 
across the aisle. 



2002 Edition 



13-118 



INSTALLATION OF SPRINKLER SYSTEMS 



12-3.1.11.3 Where a storage rack, due to its length, requires 
less than the number of in-rack sprinklers specified, only those 
in-rack sprinklers in a single rack need to be included in the 
calculation. 

12.3.1.12* Horizontal Barriers and In-Rack Sprinklers. Hori- 
zontal barriers used in conjunction with in-rack sprinklers to 
impede vertical lire development shall be constructed of sheet 
metal, wood, or similar material and shall extend the full 
length and width of the rack. Barriers shall be fitted within 
2 in. (51 mm) horizontally around rack uprights. 

12.3.1.13 For Storage Up to and Including 25 ft (7.6 m). In 

double-row and multiple-row racks without solid shelves, a lon- 
gitudinal (back-to-back clearance between loads) Hue space 
shall not be required. Nominal 6-in. (152.4-mm) transverse 
flue spaces between loads and at-rack uprights shall be main- 
tained in single-row, double-row, and multiple-row racks. Ran- 
dom variations in the width of flue spaces or in their vertical 
alignment shall be permitted. (See Section C.13.) 

12.3.1.14 For Storage over 25 ft (7.6 m). 

12.3.1.14.1 Nominal 6-in. (152.4-mm) transverse flue spaces 
between loads and at rack uprights shall be maintained in 
single-row, double-row, and multiple-row racks. Nominal 6-in. 
(152.4-mm) longitudinal flue spaces shall be provided in 
double-row racks. Random variations in the width of the flue 
spaces or in their vertical alignment shall be permitted. 

12.3.1.14.2 In single-row, double-row, or multiple-row racks, 
a minimum 6-in. (152.4-mm) vertical clear space shall be 
maintained between the sprinkler deflectors and the top of a 
tier of storage. Face sprinklers in such racks shall be located a 
minimum of 3 in. (76 mm) from rack uprights and no more 



than 18 in. (460 mm) from the aisle face of storage. Longitu- 
dinal flue in-rack sprinklers shall be located at the intersection 
with the transverse flue space and with the deflector located at 
or below the bottom of horizontal load beams or above or 
below other adjacent horizontal rack members. Such in-rack 
sprinklers shall be a minimum of 3 in. (76 mm) radially from 
the side of the rack uprights. 

12.3.2 Protection Criteria for Rack Storage of Class I through 
Class IV Commodities Stored Up to and Including 25 ft 
(7.6 m) in Height. 

12.3.2.1 Control Mode Density-Area Sprinkler Protection Cri- 
teria for Rack Storage of Class I through Class IV Commodi- 
ties Stored Up to and Including 25 ft (7.6 m) in Height. 

12.3.2.1.1 The area and density for the hydraulically remote 
area and the water supply shall be determined as specified in 
12.1.10 for storage up to 12 ft (3.7 m) and 12.3.2 for storage 
over 12 ft (3.7 m). 

12.3.2.1.1.1* Ceiling sprinkler water demand shall be deter- 
mined in accordance with 12.3.2.1.2 for single- and double-row 
racks or 12.3.2.1.3 for multiple-row racks. (See Section C.14.) 

12.3.2.1.2* Single- or double-row racks for Class 1, Class II, 
Class III, or Class IV commodities, encapsulated or nonencap- 
sulated in single- or double-row racks, ceiling sprinkler water 
de mand i n te rrns of dens i ty ( gpm /ft 2 ) ( m m / m i n ) an d area of 
sprinkler operation [ft 2 (m 2 ) of ceiling or roof] shall be se- 
lected from the density/ area curves of Figure 12.3.2.1.2(a) 
through Figure 12.3.2.1.2(g) that are appropriate for each 
commodity and configuration as shown in Table 1 2.3.2. 1. 2 
and shall be modified as appropriate by 12.3.2.1.5. These re- 
quirements shall apply to portable racks arranged in the same 
manner as single- or double-row racks. 



Table 12.3.2.1.2 Single- or Double-Row Racks — Storage Height Up to and Including 25 ft (7.6 m) Without Solid Shelves 





Commodity 
Class 


Encapsulated 






Sprinklers 

Mandatory 

In-Rack 


Ceiling Sprinkler Water Demand 




Aisles* 


With In-Rack Sprinklers 


Without In-Rack Sprinklers 


Height 


ft 


m 


Figure 


Curves 


Apply Figure 
12.3.2.1.5.1 


Figure 


Curves 


Apply 

Figure 

12.3.2.1.5.1 




I 


No 


4 


1.2 


No 


12.3.2.1.2(a) 


C and D 


Yes 


12.3.2.1.2(a) 


GandH 


Yes 




8 


2.4 


A and B 


E and F 




Yes 


4 


1.2 


No 


12.3.2.1.2(e) 


C and D 


12.3.2.1.2(e) 


G and H 


Yes 




8 


2.4 


A and B 


£ and F 




II 


No 


4 


1.2 


No 


12.3.2.1.2(b) 


C and D 


12.3.2.1.2(b) 


G and H 


Yes 




8 


2.4 


A and B 


£ and F 




Yes 


4 


1.2 


No 


12.3.2.1.2(e) 


C and D 


12.3.2.1.2(e) 


G and II 


Yes 


Over 12 it (3.7 ni), 
up i.o and 


8 


2.4 


A and B 


EandF 


including 20 It 
(6.1m) ' 


111 


No 


4 


1.2 


No 


12.3.2.1.2(c) 


C and D 


12.3.2.1.2(c) 


G and H 


Yes 


8 


2.4 


AandB 


E and F 




Yes 


4 


1.2 


1 level 


12.3.2.1.2(0 


C and D 


- 


— 






8 


2.4 


A and B 






rv 


No 


4 


1.2 


No 


12.3.2.1.2(d) 


C and D 


12.3.2.1.2(d) 


C and II 


Yes 




8 


2.4 


A and B 


EandF 




Yes 


4 


1.2 


1 level 


12.3.24.2(g) 


C and D 


- 


— 






8 


2.4 


A and B 
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Table 12.3.2.1.2 Continued 





Commodity 
Class 


Encapsulated 






Sprinklers 

Mandatory 

In-Rack 


Ceiling Sprinkler Water Demand 




Aisles* 


With In-Rack Sprinklers 


Without In-Rack Sprinklers 


Height 


ft 


m 


Figure 


Curves 


Apply Figure 
12.3.2.1.5.1 


Figure 


Curves 


Apply 
Figure 

12.3.2.1.5.1 




1 


No 


4 


1.2 


No 


12.3.2.1.2(a) 


CandD 


No 


12.3.2.1.2(a) 


F and II 


Yes 




8 


2.4 


A and B 


EandG 




Yes 


4 


1.2 


1 level 


12.3.2.1.2(e) 


C and D 


— 


- 






8 


2.4 


AandB 






II 


No 


4 


1.2 


No 


12.3.2.1.2(b) 


CandD 


12.3.2.1.2(b) 


G and H 


Yes 




8 


2.4 


AandB 


E and F 


Over 20 ft (6.1 m), 
up to and 


Yes 


4 


1.2 


1 level 


12.3.2.1.2(e) 


C and D 


— 


— 




8 


2.4 


A and B 




including 22 ft 
(6.7 m)'" 


III 


No 


4 


1.2 


No 


12.3.2.1.2(c) 


C and D 


12.3.2.1.2(c) 


G and 11 


Yes 


8 


2.4 


AandB 


E and F 




Yes 


4 


1.2 


I level 


12.3.2.1.2(1) 


C and D 


— 


— 






8 


2.4 


A and B 






IV 


No 


4 


.1.2 


No 


12.3.2.1.2(d) 


C and D 


12.3.2.1.2(d) 


G and II 


Yes 




8 


2.4 


A and B 


E and F 




Yes 


4 


1.2 


1 level 


12.3.2.1.2(g) 


C and D 


— 


— 






8 


2.4 


A and B 






I 


No 


4 


1.2 


No 


12.3.2.1.2(a) 


C and D 


No 


12.3.2.1.2(a) 


F and 11 


Yes 




8 


2.4 


A and B 


E and G 




Yes 


4 


1.2 


I level 


12.3.2.1.2(e) 


CandD 


™ 


— 






8 


2.4 


AandB 






II 


No 


4: 


1.2 


No 


12.3.2.1.2(b) 


C and D 


12.3.2.1.2(b) 


G and M 


Yes 




8 


2.4 


A and B 


E and F 


Over 22 ft (6.7 m), 
up to and 


Yes 


4 


1.2 


1 level 


12.3.2.1.2(e) 


C and D 


- 


- 




8 


2.4 


A and B 




including 25 ft 

(1 6 xn\ 


III 


No 


4 


1.2 


No 


12.3.2.1.2(c) 


C and D 


12.3.2.1.2(c) 


GaudH 


Yes 




8 


2.4 


A and B 


E and F 




Yes 


4 


1.2 


1 level 


12.3.2.1.2(f) 


C and D 


- 


— 






8 


2.4 


A and B 






IV 


No 


4 


1.2 


1 level 


12.3.2.1.2(d) 


CandD 


— 


~~ 






8 


2.4 


AandB 






Yes 


4 


1.2 


12.3.2.1.2(g) 


and D 


— 


~~ 






8 


2.4 


A and B 





[ *See 12.3.2.1.2.1 lor interpolation of aisle widths. 
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Ceiiing sprinkler density (mm/min) 
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in-rack sprinklers 

B — Sing!e-or double-row 
racks with 8-ft (2.44-m) 
aisles with 165°F(74°C) 
ceiling sprinklers 
and165°F(74°C) 
in-rack sprinklers 

C — Single-or double-row racks 
with4-ft(1.22-m) aisles or 
multiple-row racks with 
286°F (141 °C) ceiling 
sprinklers and 165°F (74°C) 
in-rack sprinklers 

D — Single-or double-row racks 
with 4-ft (1 .22-m) aisles or 
multiple-row racks with 
165°F(74°C) ceiling 
sprinklers and 165°F (74°C) 
in-rack sprinklers 



E — Single-or double-row racks 
with 8-ft (2.44-m) aisles 
and 286°F (141 °C) ceiling 
sprinklers 

F — Single-or double-row racks 
with 8-ft (2.44-m) aisles 
and 165°F(74°C) ceiling 
sprinklers 

G — Single-or double-row racks 
with 4-ft (1.22-m) aisles 
and 286°F (1 41 °C) ceiling 
sprinklers 

H— Single-or double-row racks 
with 4-ft (1 .22-m) aisles 
and 165°F(74°C) ceiling 
sprinklers 

/ — Multiple-row racks with 
8-ft (2.44-m) or wider 
aisles and 286°F (1 41 °C) 
ceiling sprinklers 

J ■— Multiple-row racks with 
8-ft (2.44-m) or wider 
aisles and 165°F (74°C) 
ceiling sprinklers 



FIGURE 12.3.2.1.2(a) Sprinkler System Design Curves — 20-ft (6.1-m) High Rack Storage 
Class I Nonencapsulated Commodities — Conventional Pallets. 
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165°F(74°C) ceiling 
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in-rack sprinklers 



E— Single-or double-row racks 
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and 286°F(141°C) ceiling 
sprinklers 

H— Single-or double-row racks 
with 4-ft (1.22-m) aisles 
and 165°F (74°C) ceiling 
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FIGURE 12.3.2.1.2(b) Sprinkler System Design Curves — 20-ft (6.1-m) High Rack Storage 
Class II Nonencapsulated Commodities — Conventional Pallets. 
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165°F(74°C) ceiling 
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FIGURE 12.3.2.1.2(c) Sprinkler System Design Curves — 20-ft (6.1-m) High Rack Storage 
Class III Nonencapsulated Commodities — Conventional Pallets. 
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in-rack sprinklers 
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and 165°F(74°C) 
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C — Single-or double-row racks 
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and 286°F (1 41 °C) ceiling 
sprinklers 
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and 165°F(74°C) ceiling 
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FIGURE 12.3.2.1.2(d) Sprinkler System Design Curves — 20-ft (6.1-m) High Rack Storage 
Class IV Nonencapsulated Commodities — Conventional Pallets. 
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FIGURE 12.3.2.1.2(e) Single- or Double-Row Racks — 20-ft (6.1-m) High Rack Storage — 
Sprinkler System Design Curves — Class I and II Encapsulated Commodities — Conventional 
Pallets. 
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FIGURE 12.3.2.1.2(f) Single- or Double-Row Racks — 20-ft (6.1-m) High Rack Storage — 
Sprinkler System Design Curves — Class III Encapsulated Commodities — Conventional Pallets. 
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FIGURE 12.3.2.1.2(g) Single- or Double-Row Racks — 20-ft (6.1-m) High Rack Storage — 
Sprinkler System Design Curves — Class IV Encapsulated Commodities — Conventional Pallets. 
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12.3.2.1.2.1* Design densities for single- and double-row racks 
shall be selected to correspond to aisle width. For aisle widths 
between 4 ft (1.2 m) and 8 ft (2.4 m) , a direct linear interpolation 
between densities shall be made. The density given for 8-ft 
(2.4-m) wide aisles shall be applied to aisles wider than 8 ft 
(2.4 in). The density given for 4-ft (1.2-m) wide aisles shall be 
applied to aisles narrower than 4 ft (1.2 m) down to 314 ft 
(1.07 m). Where aisles are narrower than 3'/2 ft (1.07 rn), racks 
shall be considered to be multiple-row racks. (See Section C.15.) 

12.3.2. 1 .3 Multiple-Row Racks — Rack Depth Up to and Includ- 
ing 16 ft (4.9 m) with Aisles 8 ft (2.4 m) or Wider. For Class I, 

Class 1 1 , CI ass I II , o r C 1 ass IV co m mod i ti es , e neaps u 1 at ed o r 
nonencapsulated, ceiling sprinkler water demand in terms 
o f d e n s i ty ( gp m / ft" ) ( in rn / m i n ) a 1 1 d a re a o f sprinkler o p- 
e r a t i o n [ ft" ( nr ) o f c e i 1 i n g o r ro o f | s h a 11 be s e 1 e c te d fro m 
til e d e n s i ty / a re a c 1 1 r ve s o f F i g u re: 1 2.3.2. 1 .2(a) t h r o u g h Fi g- 
n re 12.3.2.1.2(g) th a t a re a p p rop ri ate f o r e ach co m mod i ty 
a n d c o n fi gu r a l i o n a s s 1 i o w n i n Tabl e "12.3.2.1. 3 a n d shall b e 
rn o d i fi e d as a p p r o p r i a te by 12.3.2. 1 . 5 . T h e p r o te c ti o n c r i te- 
ria shall apply to portable racks arranged in the same man- 
ner as single- or double-row racks. 

12.3.2. 1.4 Multiple-Row Racks — Rack Depth Over 16 ft (4.9 m) 
or Aisles Narrower than 8 ft (2.4 m). For Class I, Class II, Class III, 

o r CI ass IV co m in od i ti es , e n ca ps til a ted o r n o n e n ca ps u 1 a ted , ceil- 
ing sprinkler water demand in terms of density (gpm/Tt 2 ) (mm/ 
m i n ) and area of sp ri n kl er o pe ra ti o n [ft 2 ( m 2 ) of ce i 1 in g o r roof] 
shall be selected from the density/area curves of Figure 
12.3.2.1.2(a) through Figure 12.3.2. L2(g) that are appropriate 
for each commodity and configuration as shown in Table 

12.3.2.1.4 and shall be modified as appropriate by 1 .2.3.2.1 .5. The 
protection criteria shall apply to portable racks arranged in the 
sam e m an n e r as s i n gl c~, clou bl e-, o r rn u 1 ti pi e-row racks. 

12.3.2.1.5 Ceiling Sprinkler Density Adjustments. 

12.3.2.1.5.1 For storage height up to and including 25 ft 
(7.6 rn) protected with ceiling sprinklers only and for storage 
h e i gh t u p to an d i n c 1 n d i n g 2 ft ( 6 . 1 rn ) p ro tec ted w i th c ei I i n g 
sprinklers and minimum required in-rack sprinklers, densities 



obtained from design curves shall be adjusted in accordance 
with Figure 12.3.2. 1.5.1. 

12.3.2.1.5.2 For storage height over 20 ft; (6.1 rn) up to and 
including 25 ft (7.6 m) protected with ceiling sprinklers and 
m i n i i n u rn i e q u i r e d i n - r ac k s p i i n k I e r s , d e n s i t i e s o b ta i n e d fro m 
d es i g n cu rve s shall be u se d . D e n s i ti es s h a II n o t be ad j 1 1 s te din 
ac c o rda n ce with F i gu re 1 2.3.2.1.5.1. 

12.3.2.1.5.3 For storage height; up to and including 20 ft 
(6.1 m ) p ro tec ted wi th ceilings p r i n k 1 e is an d w i th rn o re th a n 
o n e leve 1 of i n-raek sp ri n kle rs , bu t n o t i n eve ry ti e r, d e ns i ti es 
o b tai n e d from d es ign c u rves an d ad j u s ted i n a c co rd a i i ce w i th 
Figure 12.3.2.1.5.1 shall be permitted to be reduced an addi- 
tional 20 percent, as indicated in Table 12. 3. 2.1. 5. 3. 

12.3.2.1.5.4 Fo r s to rage h e i gh t. o ve r 20 ft ( 6 . 1 m ) u p to a 1 1 d 
including 25 ft (7.6 m) protected with ceiling sprinklers and 
wi th mo re th an t h e mini m u m re q 1 1 i re d I eve I o f i n -ra ck s p r i n - 
klers, but not in every tier, densities ob trained from design 
curves shall be permitted to be reduced 20 percent as indi- 
ca ted in Ta bl e 12.3.2.1. 5 . 3 . D e n s i ties shall n o t be ad j us ted i n 
ace o rda n c e wi th Fi gu re 12.3.2.1.5.1 fo r s to i a ge 1 i e i gh t. 

12.3.2.1.5.5 For storage height up to and including 20 ft 
(6.1 m ) p r o t e c te d w i t h c e i I i n g s p r i n k 1 e r s a n d i n - r a c k s p r i n - 
kl e rs a t e ac h ti e r , d e n s i ti e s o b ta i n e d fro l n d e s i g n c ti rve s a n d 
adjusted in accordance with Figure 12.3.2.1.5.1 shall be per- 
m i tte d to be red u c e d a n ad d i t io n a 1 40 p e r c en t; , as i 1 i d i c: a te d 
in Table 12.3.2.1.5.3. 

12.3.2.1.5.6 Fo r s to i a ge h e i g h 1. ove r 2 ft ( 6 . 1, rn ) u p to a n d 
including 25 ft (7.6 rn) protected with ceiling sprinklers and 
in-rack sprinklers at each tier, densities obtained from design 
curves shall be permitted to be reduced 40 percent, as indi- 
cated in Table 12.3.2.1.5.3. Densities shall not be adjusted in 
a c c o r d a n c e w i th F i g u r e 1 2 . 3 . 2 . 1 . 5 . 1 f o i ' s to r a ge h e i g 1 i t . 

12.3.2.1.5.7 Where clearance from ceiling to top of storage is 
less than 4 A A> ft (1.37 rn), the sprinkler operating area indi- 
cate; d i n c u rve s E , F, G , a n d II i n Fi gu r e 1 2 . 3 . 2 . 1 . 2 ( a ) th ro u gh 
Fi gu re 1 2 . 3 . 2 . 1 . 2 ( e ) s h a 1 1 be p e rm i tte d to be i e d 1 1 ce d as i n d i - 
cated in Figure 12.3.2.1.5.7 but shall not be reduced to less 
than 2000 ft 2 (185.8 m 2 ). 
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Table 12.3.2.1.3 Multiple-Row Racks — Rack Depth Up to and Including 16 ft (4.9 m), Aisles 
8 ft (2.4 m) or Wider, Storage Height Up to 25 ft (7.6 m) 





Commodity 
Class 


Encap- 
sulated 


Sprinklers 

Mandatory 

In-Racks 


Ceiling Sprinkler Water Demand 




With In-Rack Sprinklers 


Without In-Rack Sprinklers 


Height 


Figure 


Curves 


Apply 
Figure 

12.3.2-1.5.1 


1.25 
x Density 


Figure 


Curves 


Apply Figure 
12.3.2.1.5.1 


1.25 
x Density 




I 


No 


No 


12.3.2.1.2(a) 


C and D 


Yes 


No 


12.3.2..1.2(a) 


I and J 


Yes 


No 




Yes 


12.3.2.1.2(a) 


Yes 


12.3.2.1.2(a) 


I and J 


Yes 


Over 1 2 ft 

(3.7m), 


II 


No 


12.3.2.1.2(b) 


No 


12.3.2.1.2(b) 


I and J 


Yes 


No 


Yes 


12.3.2.1.2(b) 


Yes 


1.2.3.2.1.2(b) 


I and J 




Yes 


up to and 
including 


III 


No 


No 


12.3.2.1.2(c) 


No 


1 2.3.2.1. 2(c) 


I and J 


Yes 


No 


J 5 ft 

(4.6 m) 


Yes 


1 level 


12.3.2.1.2(e) 


Yes 




NA 


NA 


NA 




IV 


No 


No 


12.3.2.1.2(d) 


No 


12.3.2.1.2(d) 


CandD 


No 


No 




Yes 


1 level 


12.3.2.1.2(d) 


A and B 


1 .50 

x density 




NA 


NA 


NA. 




1 


No 


No 


12.3.2.1.2(a) 


C and D 


Yes 


No 


12.3.2.1.2(a) 


I and [ 


Yes 


No 




Yes 


12.3.2.1.2(a) 


Yes 


12.3.2.1.2(a) 


I and J 


Yes 


Over 15 ft 

(4.6 m), 


II 


No 


12.3.2.1.2(b) 


No 


12.3.2.1.2(b) 


land J 


Yes 


No 


Yes 


12.3.2.1.2(b) 


Yes 


12.3.2.1.2(b) 


land} 


Yes 


up to and 
including 


III 


No 


No 


12.3.2.1.2(c) 


No 


12.3.2.1.2(c) 


I and J 


Yes 


No 


20 ft 

(6.1 in) 


Yes 


1 level 


12.3.2.1.2(c) 


Yes 


NA 


NA 


NA 






IV 


No 


1 level 


12.3.2.1.2(d) 


No 


NA. 




Yes 


12.3.2.1.2(d) 


AndB 


1.50 

x density 






I 


No 


No 


12.3.2.1.2(a) 


C and D 


No 


No 


12.3.2.1.2(a) 


I and J 


Yes 


No 




Yes 


1 level 


12.3.2.1.2(a) 


Yes 


NA 


NA 


NA 




Over 20 ft 

(6.1 m), 


11 


No 


1 level 


12.3.2.1.2(b) 


No 




Yes 


12.3.2.1.2(b) 


Yes 




up to and 
including 


III 


No 


12.3.2.1.2(c) 


No 


NA 


25 it 

(7.6 in) 


Yes 


12.3.2.1.2(c) 


Yes 






IV 


No 


2 levels 


12.3.2.1.2(d) 


No 






Yes 


12.3.2.1.2(d) 


AandB 


1.50 

x density 
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Table 12.3.2.1.4 Multiple-Row Racks — Rack Depth Over 16 ft (4.9 m) or Aisles Narrower 
than 8 ft (2.4 m), Storage Height Up to and Including 25 ft (7.6 m) 





Commodity 

Class 


Encap- 
sulated 


Sprinklers 

Mandatory 

In-Racks 


Ceiling Sprinkler Water Demand 




With In-Rack Sprinklers 


Without In-Rack Sprinklers 


Height 


Figure 


Curves 


Apply 

Figure 

12.3.2.1.5.1 


1.25 
x Density 


Figure 


Curves 


Apply 

Figure 

12.3.2.1.5.1 


1.25 
x Density 




1 


No 


No 


12.3.2.1.2(a) 


C and D 


Ye.s 


No 


12.3.2.1.2(a) 


I and J 


Yes 


No 




Yes 


12.3.2.1..2(a) 


Yes 


12.3.2.1.2(a) 


Tandj 


Yes 


Over 1 2 ft 

(3.7rn), 


11 


No 


12.3.2.1.2(b) 


No 


12.3.2.1.2(b) 


land.) 


Yes 


No 


Yes 


12.3.2.1.2(b) 


Yes 


12.3.2.1.2(b) 


land) 


Yes 


up to and 
including 


111 


No 


12.3.2.1.2(c) 


No 


12.3.2.1.2(c) 


land) 


Yes 


No 


15 ft 
(4.6 m) 


Yes 


] level 


12.3.2.1.2(c) 


Yes 












IV 


No 


No 


12.3.2.1.2(d) 


No 


12.3.2.1.2(d) 


CandD 


No 


No 




Yes 


1 level 


12.3.2.1.2(d) 


1.50 

x density 












I 


No 


1 level 


12.3.2.1.2(a) 


C and D 


Yes 


No 


NA 


NA 


NA 






Yes 


12.3.2.1.2(a) 


Yes 




Over 15 ft 
(4.6 m), 
up to and 
including 


11 


No 


12.3.2.1.2(b) 


No 




Yes 


12.3.2.1.2(b) 


Yes 




III 


No 


12.3.2.1.2(c) 


No 


NA 


20 ft 
(6.1 in) 


Yes 


12.3.2.1.2(c) 


Yes 






IV 


No 


12.3.2.1.2(d) 


No 






Yes 


12.3.2.1.2(d) 


1.50 

x density 






I 


No 


1 level 


12.3.2.1.2(a) 


C and D 


No 


No 


NA 


NA 


NA 






Yes 


12.3.2.1.2(a) 


Yes 




Over 20 ft 

(6.1 m), 


II 


No 


12.3.2.1.2(b) 


No 




Yes 


12.3.2.1.2(b) 


Yes 




up to and 
including 


III 


No 


12.3.2.1.2(c) 


No 


NA 


25 ft 

(7.6 rn) 


Yes 


12.3.2.1.2(c) 


Yes 






IV 


No 


2 levels 


12.3.2.1.2(d) 


No 






Yes 


12.3.2.1.2(d) 


1.50 

x density 
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Height of storage (m) 
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FIGURE 12.3.2.1.5.1 Ceiling Sprinkler Density vs. Storage 
Height. 
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FIGURE 12.3.2.1.5.7 Adjustment of Design Area of Sprinkler 
Operation for Clearance from Top of Storage to Ceiling. 



Table 12.3.2.1.5.3 Adjustment to Ceiling Sprinkler Density for Storage Height and In-Rack Sprinklers 



Storage Height 



In-Rack Sprinklers 



Apply Figure 

12.3.2.1.5.1 for 

Storage Height 

Adjustment 



Permitted Ceiling Sprinklers 

Density Adjustments Where 

In-Rack Sprinklers are Installed 



Over 12 ft (3.7 m) through 
25 ft (7.6 m) 



None 



Yes 



None 



Over 12 ft (3.7 m) through 
20 ft (6.1 m) 



Minimum required 



More than minimum, but not in 
every tier 



In every tier 



Yes 



None 



Ye s Re d u c e de n s i ty 2 % fro m th at 

of minimum in -rack 
sprinklers 



Yes Reduce density 40% from that 

of minimum in-rack 
sprinklers 



Over 20 ft (6.1 m) through 
24 ft (7.5 m) 



Minimum required 



M o re th a n mi n i m u m , b u t n o t i n 
every tier 



In eveiy tier 



No 



None 



No Red uc e d e n s i ty 2 % from th at 

of minimum in-rack 
sprinklers 



No Reduce density 40% from that 

of m i n im u m i n-rac k 
sprinklers 
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12.3.2.1.5.8 Where clearance from ceiling to top of Class I or 
Class I encapsulated storage is 1 ¥z ft to 3 ft (0.46 m to 0.91 m) , 
the sprinkler operating area indicated in curve F only of Fig- 
ure 12.3.2.1.2(e) shall be permitted to be reduced by 50 per- 
cent but shall not be reduced to less than 2000 ft 2 (186 m"). 

12.3.2.1.5.9 Where solid, Oat-botton, combustible pallets are 
used with storage height up to and including 25 ft (7.6 m), the 
densities that are indicated in the design curves shown in Fig- 
ure 12.3.2.1.2(a) through Figure 12.3.2.1.2(g), based on con- 
ventional pallets, shall be increased 20 percent for the given 
area. The percentage shall be applied to the density deter- 
mined in accordance with Figure 12.3.2.1.5.1. The increase in 
density shall not apply where in-rack sprinklers are installed. 

12.3.2.1.6* The minimum water supply requirements for a 
hydraulic ally designed occupancy hazard fire control sprin- 
kler system shall be determined by adding the hose stream 
demand from Table 12.3.2.1.6 to the water supply for sprin- 
klers determined in 12.3.2.1. This supply shall be available 
fo r t h e m i n i m u m d u ra tio n specified i n Tab 1 e 12.3.2.1.6. (See 
Section C.8.) 

12.3.2.1.6.1 An allowance for inside and outside hose shall 
not be required where tanks supply sprinklers only. 

12.3.2.1.6.2 Where pumps taking suction from a private 
fire service main supply sprinklers only, the pump need not 
be sized to accommodate inside and outside hose. Such 
hose allowance shall be considered in evaluating the avail- 
able water supplies. 

12.3.2.2 Large Drop Sprinklers and Specific Application 
Control Mode Sprinklers for Rack Storage of Class I 
through Class IV Commodities Stored Up to and Including 
25 ft (7.6 m) in Height. 

12.3.2.2.1 Protection of single-, double-, and multiple-row 
rack storage without solid shelves for Classes I through IV com- 
modities shall be in accordance with Table 12.3.2.2.1(a) or 
Table 12.3.2.2.1(b). 

12.3.2.2.2 Where in-rack sprinklers are required by Table 
12.3.2.2.1(a) and Table 12.3.2.2.1(b), in-rack sprinkler spac- 
ing, design pressure, and hydraulic calculation criteria shall 
be in accordance with the requirements of 12.3.2.4 as appli- 
cable for the commodity, 

12.3.2.2.3 Protection shall be provided as specified in 
Table 12.3.2.2.1(a) and Table 12.3.2.2.1(b) or appropriate 
NFPA standards in terms of minimum operating pressure and 
the number of sprinklers to be included in the design area. 

12.3.2.2.3.1 For design purposes, 95 psi (6.6 bar) shall be 
the maximum discharge pressure at the hydraulically most 
remote sprinkler. 



12.3.2.2.3.2 Open Wood Joist Construction. 

(A) Where large drop K-11.2 sprinklers are installed under 
open wood joist construction, their minimum operating pres- 
sure shall be 50 psi (3.4 bar). 

(B) W T here each joist channel of open, wood joist construc- 
tion is fully fire-stopped to its full depth at intervals not ex- 
ceeding 20 ft (6.1 m), the lower pressures specified in 
Table 12.3.2.2.1 (a) shall be permitted to be used. 

12.3.2.2.3.3 The design area shall be a rectangular area hav- 
ing a dimension parallel to the branch lines at least 1.2 times 
the square root of the area protected by the number of sprin- 
klers to be included in the design area. Any fractional sprin- 
kler shall be included in the design area. 

12.3.2.2.3.4 Hose stream demand and water supply duration 
requirements shall be in accordance with Table 12.3.2.2.1(a) 
and Table 12.3.2.2.1(b). 

12.3.2.2.3.5 Preaction Systems. 

(A) For the p u r p o s e o f u s i n g Ta b 1 e 1 2 . 3 . 2 . 2 . 1 ( a ) an d 
Table 12.3.2.2.1 (b), preaction systems shall be classified as dry 
pipe systems. 

(B) Where it can be demonstrated that the detection system 
activating the preaction system will cause water to be at the 
sprinklers when they operate, preaction systems shall be per- 
mitted to be treated as wet pipe systems. 

12.3.2.2.3.6 The nominal diameter of branch line pipes 
(including riser nipples) shall meet the following: 

(1) Pipe diameter shall not be not less than VA in. (33 mm) 
nor greater than 2 in. (51 mm). 

(2) Starter pieces shall be permitted to be VA in. (64 mm). 

(3) Where branch lines are larger than 2 in. (51 mm), the 
sprinkler shall be supplied by a riser nipple to elevate the 
sprinkler 13 in. (330 m m ) fo r 2 X A in. ( 64-m m ) p i pe a n d 
15 in. (380 mm) for 3-in. (76-mm) pipe. These dimen- 
sions are measured from the centerline of the pipe to the 
deflector. In lieu of this, sprinklers shall be permitted to 
be offset horizontally a minimum of 12 in. (305 mm). 

12.3.2.2.3.7 Building steel shall not require special protection 
where Table 12.3.2.2.1(a) and Table 12.3.2.2.1(b) is applied as 
appropriate for the storage configuration. 

12.3.2.3* Early Suppression Fast-Response (ESFR) Sprinklers 
for Rack Storage of Class I through Class IV Commodities 
Stored Up to and Including 25 ft (7.6 m) in Height. 

12.3.2.3.1 Protection of single-, double-, and multiple-row 
rack storage of Classes 1 through IV shall be in accordance 
with Table 12.3.2.3. 1. 



Table 12.3.2.1.6 Hose Stream Demand and Water Supply Duration Requirements for Rack Storage 
of Class I through Class IV Commodities Stored Up to and Including 25 ft (7.6 m) in Height 



Commodity 
Classification 


Storage Height 


Inside Hose 


Total Combined 

Inside and Outside 

Hose 


Duration 
(minutes) 


ft 


m 


gpm 


L/min 


gpm 


L/min 


Class 1, 11, and III 
Class IV 


Over 12 
Over 12 


Over 3.7 
Over 3.7 


0,50, or 100 
0, 50, or 100 


0, 190, 380 
0, 190, 380 


500 
500 


1900 
1900 


90 
120 
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Table 12.3.2.2.1 (a) Large Drop Sprinkler Design Criteria for Single-, Double-, and Multiple-Row 
Racks without Solid Shelves of Class I through Class IV Commodities Stored Up to and 
Including 25 ft (7.6 m) in Height 



Commodity 
Class 


Nominal 
K-Factor 


Maximum Storage 
Height 


Maximum 

Ceiling/Roof 

Height 


Type of 
System 


Number of Design 

Sprinklers/Minimum 

Pressure 


Hose Stream 
Demand 


Water 

Supply 

Duration 

(hours) 


ft 


m 


ft 


m 


/psi 


/bar 


gpm 


L/min 


1,1.1 


1 1 .2 


25 


7.6 


30 


9.1 


Wee 


20/25 


20/1.7 


500 


1900 


\¥i 


Dry 


30/25 


30/1.7 


500 


1900 


1 V>> 


I, 11, III 


1 1 .2 


20 


6.1 


30 


9.1 


Wet 


15/25 


15/1.7 


500 


1900 


\¥> 


Dry 


25/25 


25/1.7 


N/A 


N/A 


1 '/> 


I, 11, III 


1 1 .2 


25 


7.6 


35 


10.7 


Wet 


15/25 + .1 
level of 
in-rack 


.15/ .1.7 + .1 
level of 
in-rack 


500 


1900 


1 '/2 


Dry 


25/25 + .1 
level of 
in-rack 


25/1.7 + 1 
level of 
in-rack 


500 


1900 


\v> 


IV 


.1 1 .2 


20 


6.1 


25 


7.6 


Wet 


15/50 


15/3.4 


500 


1900 


2 


Dry 


N/A 


N/A 


N/A 


N/A 


N/A 


IV 


11.2 


20 


6.1 


30 


9.1 


Wet 


20/50 


20/3.4 


500 


1900 


2 


Dry 


N/A 


N/A 


N/A 


N/A 


N/A 


IV 


11.2 


20 


6.1 


30 


9.1. 


Wet 


.15/75 


.15/5.2 


500 


1900 


2 


Dry 


N/A 


N/A 


N/A 


N/A 


N/A 


IV 


1 1 .2 


25 


7.6 


30 


9.1 


Wet 


1.5/50+ .1 
level of 
in-rack 


15/3,4+ 1 
level of 
in-rack 


500 


1900 


2 




Dry 


N/A 


N/A 


N/A 


N/A 


N/A 


IV 


11.2 


25 


7.6 


35 


1 0.7 


Wet 


20/50 + 1 
level of 
in-rack 


20/3.4+1 
level of 
in-rack 


500 


1900 


2 




Dry 


N/A 


N/A 


N/A 


N/A 


N/A 


IV 


11.2 


25 


7.6 


35 


10.7 


Wet 


15/75 + 1 
level of 
in-rack 


15/5.2+1 
level of 
in-rack 


500 


1900 


2 




Dry 


N/A 


N/A 


N/A 


N/A 


N/A 



Table 12.3.2.2.1 (b) Specific Application Control Mode (16.8 K-factor) Sprinkler Design Criteria 
for Single-, Double-, and Multiple-Row Racks without Solid Shelves of Class I through Class IV 
Commodities Stored Up to and Including 25 ft (7.6 m) in Height 





Maximum Storage 
Height 


Maximum 
Building Height 


Type of 
System 


Number of Design 

Sprinklers by Minimum 

Operating Pressure 


Hose Stream 
Demand 


Water Supply 

Duration 

(hours) 


Commodity Class 


ft 


m 


ft 


m 


10 psi 0.7 
bar 


22 psi 1.5 
bar 


gpm 


L/min 


I or 11 


25 


7.6 


30 


9.1 


Wet 


15 


— 


500 


1900 


1 '/> 


III or IV 


25 


7.6 


30 


9.1 


Wet 


— 


15 


500 


1900 


2 
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Table 12.3.2.3.1 ESFR Protection of Rack Storage without Solid Shelves of Class I through 
Class IV Commodities Stored Up to and Including 25 ft (7.6 m) in Height 



Storage 
Arrangement 



Commodity 



Maximum 
Storage 
Height 



ft 



Maximum 

Ceiling/ Roof 

Height 



ft 



Nominal 
K-Factor 



Orientation 



Minimum 
Operating 
Pressure 



psi 



bar 



In-Rack 

Sprinkler 

Requirements 



Hose Stream 
Demand 



gpm 



L/min 



Water 

Supply 

Duration 

(hours) 



20 



Single-row, 
double-row, 
and 

multiple-row 
rack (no 
open-top 
containers) 



Class I, II, III, 
or IV, 

encapsulated 
or 
unencapsulated 



25 



7.6 



11.2 



Upright 



50 



14.0 



25 



7.6 



Upright or 

pendent 



50 



16.8 



Pendent 



25.2 



Pendent 



14.0 



Upright or 
pendent 



30 



9.1 



16.8 



Pendent 



35 



25.2 



Pendent 



14.0 



Upright or 
pendent 



35 



10.7 



16.8 



Pendent 



25.2 



Pendent 



20 



14.0 



Pendent 



12.2 



16.8 



Pendent 



25.2 



Pendent 



14.0 



Pendent 



45 



13.7 



16.8 



Pendent 



64 



25.2 



Pendent 



40 



14.0 



Upright or 

pendent 



30 



16.8 



Pendent 



25.2 



14.0 



32 



9.8 



Upright or 

pendent 



60 



1.6.8 



Pendent 



42 



14.0 



Upright or 
pendent 



75 



35 



10.7 



16.8 



Pendent 



52 



25.2 



Pendent 



20 



14.0 



Pendent 



75 



40 



12.2 



16.8 



Pendent 



25.2 



Pendent 



25 



Pendent 



90 



13.7 



16.8 



Pendent 



64 



25.2 



Pendent 



40 



3.4 



2.4 



1.0 



3.4 



2.4 



1.4 



1.7 



6.2 



4.4 



2.8 



3.4 



2.4 



4.1 



5.2 



3.6 



1.4 



5.2 



3.6 



1.7 



6.2 



2.8 



No 



No 



No 



No 



Yes 



Yes 



No 



No 



Yes 



Yes 



250 



946 
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12-3-2.3.1.1 f'SFR protection, as defined shall not apply to 
the foil owing: 

( 1 ) Ra c k s to t'a ge i 1 1 vo I vi i ^ g s o 1 i d sh e I ves 

(2) Rack storage: involving combustible, open-top cartons or 
containers 

12.3.2-3.2 D e te c t i o n sys te m s , co i 1 ce n 1 1 n l:e p u m ps , ge n e ra to rs , 
a nd o th e r sys te i n co n l po n en ts t:h a t art: esse n ti a 1 to th e opera ti o n 
of th e sys te in shall h a ve a n app i "oved sta nd by powe r source . 

12.3.2.3.3 ES.F.R sprinkler systems shall be designed such that 
the minimum operating pressure is not less than that indi- 
ca te d i n la b 1 e 1 2 . 3 . 2 . 3 . 1 for ty p e o f s to ra ge , com mod i ty, s tor- 
age heigh t: , a n d building h e i g h t i n vo he d . 

12.3.2.3.4 Th e d esi g \ \ a i e a s h a 1 1 co n s i s t of th e m os t hy d rai il i- 
ca 1 1 y d e i n a n din g a i ea o 1 12 s p ri n k 1 e rs , co n s is ti n g of fori r s p ri n- 
klers on each of three branch lines. The design shall include a 
minimum of 960 (r (89 ni"). 

12.3.2.3.5 Wh e re ESFR sp ri n kl e rs are i n s tal led above and be- 
low obstructions, the discharge for up to two sprinklers for 
one of the levels shall be included with those: of the other level 
in the hydraulic calculations. 

12.3.2.4 In-Rack Sprinklers for Rack Storage of Class I 
through Class IV Commodities Stored Up to and Including 

25 ft (7.6 m) in Height. 

12.3.2.4.1 In-Rack Sprinkler Location for Rack Storage of 
Class I through Class IV Commodities Stored Up to and In- 
cluding 25 ft (7.6 m) in Height. 

12.3.2.4.1.1 I n si 1 1 git-- or d on b 1 e-row racks wi th o u t sol i d sh elves , 
in-rack sprinklers shall be installed in accordance with Table 
12.3.2.1.2. 

12.3.2.4.1.2 In multiple-row racks no deeper than 16 ft 
( 4 . 9 m ) w i th a i s I e s 8 It ( 2 . 4 n i ) o r w i d e r, i n - ra c Is s p ri n kl e rs s h a 1 1 
be i n s la 1 1 e d i n a c co rd a n ce wi t h Tab! e 1 2.3.2. 1 . 3 . 

12.3.2.4.1.3 In n ui 1 ti p le-ro w ra c ks d e e pe r th an 1 6 ft ( 4 . 9 m ) 
or with aisles less than 8 ft (2.4 m) wide, in-rack sprinklers shall 
be ins ta 1 1 e d i n a c: t o rd a n c: e wi tl v Ta bl e 12.3.2.1. 4 . 

12.3.2.4.1 .4 I n-rac k s p ri n kl e rs at on e I eve 1 on ly for sto rage u p 
to a n d i n c 1 u d i n g 2 5 ft. (7.6 m ) h i g h s h a 1 1 be 1 o c ate d a t the 11 rs t 
tier level at or above one-half of the storage height. 

12.3.2.4.1.5 I n-rac: k s p ri n kl e rs a t two 1 evel s on 1 y fo r s torage up 
to and including 25 ft (7.6 m) high shall be located at the first tier 
level at or above one-third and two-thirds of the storage height. 

12.3.2.4.2 In-Rack Sprinkler Spacing for Rack Storage of 
Class I through Class IV Commodities Stored Up to and In- 
cluding 25 ft (7.6 m) in Height. 

.12.3.2.4.2.1* Maximum horizontal spacing of in-rack sprin- 
klers in single- or double-row racks with nonencapsulated stor- 
age up to and including 25 ft. (7.6 m) in height shall be in 
a ceo rd a n c e w i th 'Ta b 1 e 12.3.2.4.2. 1 . Fo r e n c a ps u la te d s tora ge , 
ma x i m inn h o r i vo n ta 1 spa c i n g s h a 1 1 be 8 ft ( 2 . 44 m ) . 

12.3.2.4.2.2* Maximum horizontal spacing of in-rack sprin- 
k 1 e rs on b ra n c It 1 i n es , in in u 1 ti p 1 e-row i at: ks wi th e neaps u 1 ated 
o i" n on e n ca p s u 1 a te d s to rage u p to an d i n c 1 ud i n g 2 5 ft (7.6 m ) 
in height, shall not exceed 12 It (3.7 m) for Class 1, 11, or III 
c o i n m od i ti es a n d 8 ft. ( 2 . 4 i n ) f o r C la ss .1 V c o m m o d i ti es , wi th 
area limitations of 100 ft 2 (9.3 in") per sprinkler for Class I, II, 
or II I c o 1 1 1 n i od i ti es a n d 80 ft 2 (7.4 n i ~ ) pe r s p r i n kl e r for CI ass 
IV commodities. The rack plan view shall be considered in 



Table 12.3.2.4.2.1 In-Rack Sprinkler Spacing for Class I, II, 
III, and IV Commodities Stored up to 25 ft (7.6 m) in Height 









Commodity Class 




Aisle Widths 


I and II 


III 


IV 


ft m 


ft 


m 


ft m 


ft m 


8 2.4 
4 1.2 


12 
12 


3.7 
3.7 


12 3.7 
8 2.4 


8 2.4 
8 2.4 



determining the area covered by each sprinkler. The aisles 
s h al 1 n o t be in cl uded i n a rea calc u 1 a ti ons. 

12.3.2.4.2.3* The elevation of in-rack sprinkler deflectors with 
respect to storage shall not be a consideration in single- or 
double-row rack storage up to and including 20 ft (6.1 m) 
high. (See Section C.16.) 

1 2. 3. 2. 4. 2. 4 * In single- or double-row racks without solid 
s h e 1 ves wi th s to ra ge o ve r 2 It ( 6 . 1 m ) h i g h , or i n m ul ti p 1 e-row 
racks, or in single- or double-row racks with solid shelves and 
s to rage h e i gh t u p to an d i n clu d i n g 25 ft (7.6 m ) , a m i n i m u m 
of 6-in. ( 152.4-mm) vertical clear space shall be maintained 
between tire in-rack sprinkler deflectors and the top of a tier of 
storage. Sprinkler discharge shall not be obstructed by hori- 
zontal rack members. 

12.3.2.4.2.5 For multiple-row racks, a minimum of 6 in. 
( 1 5 2 . 4 m m ) sh all be in ai n tai n ed be twee n th e i n-rac k spri n kl e r 
deflector and the top of a tier of storage. 

12.3.2.4.2.6 Sprinklers installed in racks shall be spaced with- 
out regard to rack uprights. (See Section C..I7.) 

12.3.2.4.3 In-Rack Sprinkler Water Demand for Rack Storage 
of Class I through Class IV Commodities Stored Up to and 
Including 25 ft (7.6 m) in Height. (See Section C, 18.) 

12.3.2.4.3.1 The water demand for sprinklers installed in 
ra cks s ha 1 1 be; has ed on s i m u I ta ne o us ope: ra ti o n of the: r n os t 
hydraulically remote sprinklers as follows: 

(1) Six sprinklers where only one level is installed in racks 
with Class I, Class II, or Class III commodities 

( 2 ) E i gh t s p rink 1 e rs wh e re o n 1 y o n e 1 eve 1 is i n s tal 1 ed i n ra cks 
with Class IV commodities 

(3) Ten sprinklers (five on each two top levels) where more 
than one level is installed in racks with Class I, Class II, or 
Class III commodities 

(4) Fourteen sprinklers (seven on each two top levels) where 
more than one level is installed in racks with Class IV 
commodities 

12.3.2.4.3.2 Where a storage rack, due to its length, re- 
q u i re s less th a n t h e n u m be r of i n-rac k sp r i n k 1 e rs s p e c i f i e d 
in 12.3.2.4.3.1(1) through 12.3.2.4.3.1(4), only those in- 
rack sprinklers in a single rack need to be included in the 
calculation. 

12.3.2.4.4 In-Rack Sprinkler Discharge Pressure for Rack 
Storage of Class I through Class IV Commodities Stored Up to 
and Including 25 ft (7.6 m) in Height. Sprinklers in racks shall 
d i sc; It a rge a t n o f less th a n 1 5 ps i ( 1 ba r ) f o r a 1 1 c 1 asse s of c o m - 
modities. (See Section C.19.) 



2002 Edition 



STORAGE 



13-1.3.1 



12.3.2.5 Special Design for Rack Storage of Class I through 
Class IV Commodities Stored Up to and Including 25 ft 
(7.6 m) in Height 

12.3.2.5.1 Slatted Shelves. 

12.3.2.5.1.1* SI a tte d s h e 1 ve s shall be co n s i d e red e q u i va 1 e n t to 

sol i d s h e 1 ves w h e i e th e re q u i re m e n ts o f 12.3.2.5. 1 a re no t in e t. 

(See Section C. 20.) 

12.3.2.5.1.2 A wet pipe system that is designed to provide a 
m i n i m u m of . 6 gp in / it" (24.5 m m/ rn i n ) de n si ty over" a m i n i- 
mum area of 2000 ft 2 (186 nr) or K-14.0 ESFR sprinklers op- 
e rati n g a l; a minim u m o f 5 ps i ( 3 . 5 ba r ) , K- 1 6.8 s p r i n kle rs 
operating at a minimum of 32 psi (1.7 bar), or K-25.2 ESFR 
s p r i n k 1 e rs o p e ra t i n g a t a n vi n i m u m of 1 5 ps i s h al 1 be p e r m i tted 
to p ro tec t s i n gl e-row a n d d o u bl e-row s 1 a tte d-s h e 1 f rac ks wh e re- 
al 1 of th e fol 1 ow i n g c o n d i ti o n s a re m e t: 

( 1) Sprinklers shall be K-l 1 .2, K-14.0, or K-l 6.8 orifice spray 
sprinklers w i th a te m p e r a . t u re r a ti n g o f o id i n a i y , i n te r- 
mediate, or high and shall be listed for storage occupan- 
cies or shall be K-14.0 , K-l 6.8, or K-25.2 ESFR. 

( 2 ) Th e p ro te c te d co rn m od i ti e s s 1 i al 1 be 1 i m i te d to C 1 ass I-I V, 
Group B plastics, Group C plastics, cartoned (expanded 
a n d u n ex pa n d e d ) G ro u p A p 1 as tics, an d exposed ( u n ex- 
pa n ded ) G vox i p A p 1 as ti cs . 

(3) Shelves shall be slatted using a minimum nominal 2-in. 
(51 -mm) thick by maximum nominal 6-in. (152-mm) 
wide slat held in place by spacers that main tain a mini- 
i n u m 2-in. ( 5 1 -in m ) o pe n i n g be twee; n e a c h s 1 at. 

(4) Where K-l 1.2, K-14.0, or K-l 6.8 orifice sprinklers are used, 
tli ere shall be no slatted shelf levels in the rack above 12 ft 
(3.7 m). Wire mesh (greater than 50 percent opening) 
shall be permitted for shelf levels above 12 ft (3.7 m). 

(5) Transverse flue spaces at least 3 in. (76 mm) wide shall 
be provided at least every 10 ft (3.1 m) horizontally. 

(6) Longitudinal Hue spaces at least 6 in. (152 mm) wide shall 
be provided for double-row racks. Longitudinal flue spaces 
shall not be required where ESFR sprinklers are used. 

(7) The aisle widths shall be at least VA ft (2.3 m). 

(8) The maximum roof height shall be 27 ft (8.2 in) or 30 ft 
wh e re ESF R s p r i n kl e rs are u se cl . 

( 9 ) Th e i n ax i m u m s to i "age h e i gh t s h al 1 be 2 ft (6.1 m ) . 

( 1 ) Soli d p 1 y w o o d o r s i m i 1 a r in a te r i a Is shall no t b e p 1 ac e cl o 1 1 
th e s 1 atte d sh e 1 ve s so th a t th e y bl o ck th e 2-in. (51 -m m ) 
spaces between slats, nor shall they be placed on the wire 
mesh shelves. 

12.3.2.5.2 High-Expansion Foam Ceiling Sprinkler Density. 

Where high-expansion foam systems are used in combination 
wi th c e i 1 i n g s p r i n k 1 e rs , th e m i n i m u m ce i 1 i n g s p rin kle r des i g n 
density shall be 0.2 gpm/ft 2 (8.2 mm/min) for Class I, Class II, 
or Class III commodities or 0.25 gpm/ft 2 (10.2 mm/min) for 
Class IV corn modi ties for the most hydra til ically remote 
2000-fr (186-nr) operating area. 

12.3.2.5.2.1 Where high-expansion foam systems are used in 
combination with ceiling sprinklers, the maximum submer- 
gence time shall be 7 minutes for Class 1, Class II, or Class III 
co m m odi ti es an cl 5 m i nu tes fo r C 1 ass IV co m modi ti es . 

12.3.2.5.2.2* Where high-expansion foam systems are used 
w i th on t s p r i n k 1 e rs , tl i e m a x i rn u in su bme rge n c e ti me sh al 1 be 5 
minutes for Class I, Class II, or Class III commodities and 4 
m i n u te s fo r C 1 ass IV c: o m in o cl i ti es . 



12.3.3 Protection Criteria for Rack Storage of Plastics Com- 
modities Stored Up to and Including 25 ft (7.6 m) in Height. 

12.3.3.1 Control Mode Density-Area Sprinkler Protection Cri- 
teria for Single-, Double-, and Multiple-Row Racks for Plastics 
Commodities Stored Up to and Including 25 ft (7.6 m) in 
Height, with Clearances Up to and Including 10 ft (3.1 m). 

12.3.3.1.1 Plastic commodities shall be pro tec tea 1 in a c Cor- 
el an ce wi th F i gu re 1 2 . 3 .3.1.1. T h is d e c i s i o n t re: e a 1 so s h a 1 1 be 
used to determine protection for commodities that are not 
e n ti rel y G ro u p A p 1 as ti cs bu t co 1 1 tai n s u c h q ua n t i ti es a i i cl a r- 
range merits of Group A plastics that they are deemed more 
hazardous than Class IV commodities. The design criteria of 
12.3.3. 1 for single- and double-row rack storage of plastic coin- 
m ocl i ti es s h a 1 1 be ap p 1 icab 1 e w h e re a i s 1 cs a re 3 . 5 ft o r g re a te rin 
w i cl tl i . S to rage w i th ai si es less th a n 3 . 5 ft s 1 1 a 1 1 1 >e p i o te e te <: I as 
m n 1 ti p 1 e-row rat; k s to ra ge . (See. Section C.2L) 



Plastics 



Group A 



Group B 
Class IV 



Group C 
Class III 



Cartoned, expanded or 
unexpanded, and 
exposed, unexpanded 



Exposed, expanded 
(outside the scope 
of 12.3.3) 



Stable 
(see 12.3.3) 



Free-flowing 
Class IV 



FIGURE 12.3.3.1.1 Decision Tree. 

12.3.3.1.2* For the storage of Croup A plastics stored 5 ft 
(1.5 m) or less in height, the sprinkler design criteria for 
miscellaneous storage specified in 12.1.10 shall be used. 

12.3.3.1.3 G rou p B p 1 astics an cl f ree-flowi ng G ro 1 1 p A pi asti cs 
shall be protected the same as Class IV commodities. 

12.3.3.1.4 Group C plastics 
Cl ass 1 1 1 co in m od i ti es . 



shall be protected the same as 



1 2.3.3. 1 .5 Ceiling Sprinkler Water Demand. For Group A plas- 
tic commodities in cartons, encapsulated or non encapsulated in 
single-, double-, and multiple-row racks, ceiling sprinkler water 
de man d i n te rm s o f de n s i ty [gp m / ft" (mm/i n i n ) | an d a rca o f 
ope rati o n [ ft" ( m " ) ] s h al 1 be: se 1 c: c te d ft "O n i F i g u i e 1 2 . 3 . 3 . 1 . 5 ( a ) 
th rough Fi gu re 12.3.3.1.5(f). Li n ear i n te i po 1 a ti on of clesi gn cl e n- 
sities and areas of application shall be permitted between storage 
heights with the same clearances. No interpolation between 
clearances shall be permitted. (See Section (122.) 

12.3.3.1.6 Single-, Double-, and Multiple-Row Racks Up to 
10-ft (3.1-m) Storage with Up to 10-ft (3.1-m) Clearance. The 

p ro te c ti o n s trategi es u ti 1 i z i n g o n 1 y ce i 1 i n g s p rin kl c rs , as s 1 1 ow n 
i n Fi gu re 12.3.3. 1 . 5 ( a ) , sh al 1 be ace e p tab 1 e fo r si n g 1 c-, cl o u b I e- , 
and multiple-row rack storage. 

12.3.3.1.7 Single- and Double-Row Rack Storage Greater than 
10 ft (3.1 m) Up to 15 ft (4.6 m) with Less than 5-ft (1.25-m) 
Clearance . The p ro te c tio n stra te gy u ti 1 i / i n g on 1 y c e i 1 i n g s p r i n- 
klers, as shown in Figure 12.3.3.1.5(b), shall be acceptable 
o nly f o r s i n g 1 e- a n d d ou b 1 e-row r a c k s tc > rage . 
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Single-, double-, and multiple-row racks 
0.30 gpm/ ft 2 per 2000 ft 2 
(12.2 mm/minper 186 m 2 ) 



Single-, double-, and multiple-row racks 
0.45 gpm /ft 2 per 2000 ft 2 
(18.3 mm/min per 186 m 2 ) 



< 5-ft (1 .5-m) ceiling clearance 


5-ft to 10-ft (1.5-m to 3.1-m) ceiling clearance 
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Elevation View 


Elevation View 





Note: Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m to 1 .53 m) on a side. Actual load heights can vary 
from approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one load or as many as six or 
seven loads between in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.3.1.5(a) 5-ft to 10-ft (1.5-m to 3-m) Storage. 



Single- and double-row racks 
0.60 gpm /ft 2 per 2000 ft 2 
(24.5 mm/min per 186 m 2 ) 

5 ft to 10 ft (1.5 m to 3.1 m) 
ceiling clearance 
See 12.3.3.1.8, 12.3.3.1.10, and 
Note 2 
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Single-, double-, and multiple-row racks 
0.30 gpm /ft 2 per 2000 ft 2 
(12.2 mm/min per 186 m 2 ) 

5ftto10ft(1.5mto3.1 m) 
ceiling clearance 
See Note 1 
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8 ft (2.44 m) maximum between sprinklers 
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Elevation View 



Elevation View 



Notes: 

1. Single level of in-rack sprinklers [V2 in. or 1 %2 in. (12.7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum] 
installed as indicated in the transverse flue spaces. 

2. Where sprinklers listed for storage use are installed at the ceiling only and the ceiling height in the protected area 
does not exceed 22 ft (6.7 m) and a minimum clearance of 7 ft (2.13 m), the ceiling sprinkler discharge criteria 
shall be permitted to be reduced to 0.45 gpm/ft 2 per 2000 ft 2 (18.3 mm/min per 186 m 2 ). 

3. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m to 1.53 m) on a side. Actual load 
heights can vary from approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one 
load or as many as six or seven loads between in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically 

FIGURE 12.3.3.1.5(b) 15-ft (4.6-m) Storage; Up to 10-ft (1.5-m to 3.1-m) Ceiling Clearance. 
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Single- and double-row racks 
0.60 gpm / ft 2 per 2000 ft 2 
(24.5 mm/min per 186 m 2 ) 

5 ft (1 .5 m) ceiling clearance 
See 12.3.3.1.8, 12.3.3.1.10 



Single-, double-, and multiple-row racks 
0.45 gpm / ft 2 per 2000 ft 2 
(18.3 mm/min per 186 m 2 ) 

5 ft (1 .5 m) ceiling clearance 
See Note 1 



Single-, double-, and multiple-row racks 
0.30 gpm / ft 2 per 2000 ft 2 
(12.2 mm/min per 186 m 2 ) 

5 ft (1 .5 m) ceiling clearance 
See Note 2 




8 ft (2.44 m) maximum between sprinklers 



8 ft (2.44 m) maximum between sprinklers 
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Elevation View 

Notes: 

1. Single level of in-rack sprinklers [V2 in. or 1 %2 in. (12.7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum] installed as indicated in the transverse 
flue spaces, 

2. Single level of in-rack sprinklers [ 17 /32 in. (13.5 mm) operating at 15 psi (1 .03 bar) minimum or V2 in. (12.7 mm) operating at 30 psi (2.07 bar) minimum] 
installed on 4 ft to 5 ft (1 .25 m to 1 .56 m) spacings located, as indicated, in the longitudinal flue space at the intersection of every transverse flue space. 

3. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m to 1 .53 m) on a side. Actual load heights can vary from approximately 

18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one load or as many as six or seven loads between in-rack sprinklers that are 
spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.3.1.5(c) 20-ft (6.1~m) Storage; <5-ft (1.5-m) Ceiling Clearance. 
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INSTALLATION OF SPRINKLER SYSTEMS 



0.45 gpm/ ft 2 per 2000 ft 2 
(18.3 mrn/min per 186 m 2 ) 



0.30 gpm /ft 2 per 2000 ft 2 
(12.2 mm/min per 186 m 2 ) 



5 ft to 1 ft (1 .5 m to 3. 1 m) ceiling clearance 
See Notes 1 and 5 

8 ft (2.44 m) maximum between sprinklers 



5 ft to 10 ft (1 .5 m to 3.1 m) ceiling clearance 
See Notes 2 and 3 

8 ft (2.44 m) maximum between sprinklers 
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0.30 gpm /ft 2 per 2000 ft 2 
(12.2 mm/min per 186 m 2 ) 



0.30 gpm /ft 2 per 2000 ft 2 
(12.2 mm/min per 186 m 2 ) 



5 ft to 10 ft (1 .5 m to 3.1 m) ceiling clearance 
See Notes 2 and 3 

8 ft (2.44 m) maximum between sprinklers 



5 ft to 1 ft (1 .5 m to 3.1 m) ceiling clearance 
See Notes 2 and 4 
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Plan View 




8 ft (2.44 m) maximum between sprinklers 
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Elevation View 



Elevation View 



Notes: 



1. Single level of in-rack sprinklers [V2 in. or 1 %2 in. (12.7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum] installed as indicated 
in the transverse flue spaces. 

2. Ceiling-only protection shall not be permitted for this storage configuration. 

3. Two levels of in-rack sprinklers [V2 in. or 1 %2 in. (12.7 mm or 13.5 mm) operating at 15 psi (1 .03 bar) minimum] installed as indicated 
and staggered in the transverse flue space. 

4. Single level of in-rack sprinklers [ 17 /32 in. (13.5 mm) operating at 15 psi (1 .03 bar) minimum or V2 in. (12.7 mm) operating at 30 psi 
(2.07 bar) minimum] installed on 4 ft to 5 ft (1 .25 m to 1 .56 m) spacings located, as indicated, in the longitudinal flue space at the 
intersection of every transverse flue space. 

5. Where K-1 1 ,2, K-14, K-16.8 spray sprinklers listed for storage use are installed at the ceiling, the in-rack sprinklers shall not be 
required, provided the ceiling sprinkler discharge criteria is increased to 0.6 gpm/ft 2 [24 (L/min)/m 2 ] over 2000 ft 2 (186 m 2 ) and the 
ceiling height in the protected area does not exceed 27 ft (8.2 m). 

6. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m to 1 .53 m) on a side. Actual load heights can vary from 
approximately 1 8 in. (0.46 m) up to 1 ft (3.05 m). Therefore, there could be as few as one load or as many as six or seven loads 
between in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.3.1.5(d) 20-ft (6.1-m) Storage; 5-ft to 10-ft (1.5-m to 3.1-m) Ceiling Clearance. 
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0.45 gpm/ft 2 per 2000 ft 2 
{18.3mm/min per 186 m 2 ) 

<5 ft (1 .5 m) ceiling clearance 
See Notes 1,2, and 4 



0.30 gpm/ft 2 per 2000 ft 2 
(12.2 mm/min per 186 m 2 ) 

<5 ft (1 .5 m) ceiling clearance 
See Notes 2, 3, and 4 



8 ft (2.44 m) maximum between sprinklers 



8 ft (2.44 m) maximum between sprinklers 
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Elevation View Elevation View 

Notes: 

1. Single level of in-rack sprinklers [ 1 %2 in. (13.5 mm) operating at 15 psi (1.03 bar) minimum or Vz in. (12.7 mm) operating at 30 psi 
(2.07 bar) minimum] installed on 4 ft to 5 ft (1.25 m to 1.56 m) spacings located, as indicated, in the longitudinal flue space at the 
intersection of every transverse flue space. 

2. Ceiling-only protection shall not be permitted for this storage configuration. 

3. Two levels of in-rack sprinklers \}h in, or 1 %2 in. (12.7 mm or 13.5 mm) operating at 15 psi (1 .03 bar) minimum] installed as indicated 
and staggered in the transverse flue space. 

4. Where K-16.8 spray sprinklers listed for storage use are installed at the ceiling, the in-rack sprinklers shall not be required, provided 
the ceiling sprinklers criteria is increased to 0.8 gpm/ft 2 over 2000 ft 2 (32.6 mm/min over 186 m 2 ) for wet systems and 4500 ft 2 
(419 m2) for dry systems and the ceiling height in the protected area does not exceed 30 ft (9.1 m). 

5. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m to 1 .53 m) on a side. Actual load heights can vary from 
approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one load or as many as six or seven loads 
between in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 



FIGURE 12.3.3.1.5(e) 25-ft (7.6-m) Storage; <5-ft (1.5-m) Ceiling Clearance. (See Note 2.) 
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INSTALLATION OF SPRINKLER SYSTEMS 



0.30 gpm/ft 2 per 2000 ft 2 
(12.2 mm/min per 186 m2) 



5 ft to 10 ft (1 .5 m to 3.1 m) ceiling clearance 
See Notes 1, 2, and 3 



8 ft (2.44 m) maximum between sprinklers 
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Elevation View 

Notes: 

1. Two levels of in-rack sprinklers [V2 in. or 17 /32 in. (12.7 mm or 13.5 mm) 
operating at 1 5 psi (1 .03 bar) minimum] installed on 8 ft to 1 ft 

(2.5 rn to 3.12 m) spacings located as indicated and staggered in the 
transverse flue space. 

2. Ceiling-only protection shall not be permitted for this storage 

configuration. 

3. Where K-16.8 spray sprinklers listed for storage use are installed at the 
ceiling, the in-rack sprinklers shall not be required, provided the ceiling 
sprinklers criteria is increased to 0.8 gpm/ft 2 over 2000 ft 2 (32.6 mm/min 
over 186 m 2 ) for wet systems and 4500 ft 2 (419 m 2 ) for dry systems and 
the ceiling height in the protected area does not exceed 30 ft (9.1 m). 

4. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 

1 8 in. (0.46 m) up to 1 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.3.1.5(f) 25-ft (7.6-m) Storage; 5-ft to 10-ft 
(1.5-m to 3.1-m) Ceiling Clearance. (See Note 2/) 



12.3.3.1 .8 Single- and Double-Row Rack Storage Greater than 
10 ft (3.1 m) Up to 15 ft (4.6 m) with Clearance from 5 ft to 
10 ft (1.5 m to 3.1 m), and Single- and Double-Row Rack Stor- 
age Up to 20 ft (6.1 m) with Less than 5-ft (1.5-m) Clearance. 

The protection strategies utilizing only ceiling sprinklers, as 
shown in Figure 12.3.3.1.5(c) and Figure 12.3.3.1.5(d), shall 
be acceptable only for single- and double-row rack storage. 

12.3.3.1.9 Multiple-Row Racks — 15-ft (4.6~m) Storage with 
Less than 5-ft (1.5-m) Clearance. Where using the protection 
strategy utilizing only ceiling sprinklers, as shown in Figure 
12.3.3.1.5(b), for multiple-row rack storage, the density to be 
used shall be 0.6 gpm/ft- (24.5 mm/min) over 2000 ft 2 (186 m 2 ). 
The combination of ceiling and in-rack sprinklers specified in 
Figu re 1 2 . 3 . 3 . 1 . 5 ( b) shal 1 be pe rmi tted as an al tern alive . 

12.3.3.1.10 Multiple-Row Racks — 15-ft (4.6-m) Storage with 
10-ft (3.1-m) Clearance, and 20-ft (6.1-m) Storage with Less 
than 5-ft (1.5-m) Clearance. The protection strategies utilizing 
only ceiling sprinklers, as shown in Figure 12.3.3.1.5(c) and 
Figure 12.3.3.1.5(d), shall not be permitted for multiple-row 
rack storage. Only the specified combinations of ceiling and 
in-rack sprinklers shall be used. 

12.3.3.1.11* The minimum water supply requirements for a hy- 
draulically designed occupancy hazard fire control sprinkler sys- 
tem shall be determined by adding the hose stream demand 
from Table 12.3.3.1.11 to the water supply for sprinklers deter- 
mined in 12.3.3.1. This supply shall be available for the minimum 
duration specified i n Table 12.3.3.1.11. (See Section (1 8. ) 

12.3.3.1.11.1 An al lowan ce fo r i n s id e an d o u ts i d e h ose shall 
not be required where tanks supply sprinklers only. 

12.3.3.1.11.2 Where pumps taking suction from a private 
fire service main supply sprinklers only, the pump need not 
be sized to accommodate inside and outside hose. Such 
hose allowance shall be considered in evaluating the avail- 
able water supplies. 

12.3.3.2 Large Drop Sprinklers and Specific Application Con- 
trol Mode Sprinklers for Rack Storage of Plastics Commodi- 
ties Stored Up to and Including 25 ft (7.6 m) in Height. 

12.3.3.2.1 Protection of single-, double-, and multiple-row 
rack storage without solid shelves for unexpanded plastic com- 
modities shall be in accordance with Table 12.3.3.2.1(a) and 
Table 12.3.3.2.1(b). 

12.3.3.2.2 Where in-rack sprinklers are required by Table 
12.3.3.2.1(a) and Table 12.3.3.2.1(b), in-rack sprinkler spac- 
ing, design pressure, and hydraulic calculation criteria shall 
be in accordance with the requirements of 12.3.2.4 as appli- 
cable for the commodity. 

12.3.3.2.3 Protection shall be provided as specified in Table 
12.3.3.2.1(a) and Table 12.3.3.2.1(b) or appropriate NFPA 
standards in terms of minimum operating pressure and the 
number of sprinklers to be included in the design area. 



Table 12.3.3.1.11 Hose Stream Demand and Water Supply Duration Requirements for Rack 
Storage of Plastics Commodities Stored Up to and Including 25 ft (7.6 m) in Height 






Storage 


Height Inside Hose 


Total Combined Inside 
and Outside Hose 


Duration 
(minutes) 


Classification 


ft 


m gP m L/min 


gpm L/min 


Plastic 


>5 up to 20 
>20 up to 25 


>1.5 up to 6.1 0, 50, or 100 0, 190, or 380 
>6.1 up to 7.6 0, 50, or 100 0, 190, or 380 


500 1900 
500 1900 


120 
150 
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Table 12.3.3.2.1(a) Large Drop Sprinkler Design Criteria for Single-, Double-, and 
Multiple-Row Racks without Solid Shelves of Plastics Commodities Stored Up to 
and Including 25 ft (7.6 m) in Height 



Commodity 
Class 


Nominal 
K-Factor 


Maximum 
Storage 
Height 


Maximum 

Ceiling/ 

Roof Height 


Type of 
System 


Number of Design 

Sprinklers/Minimum 

Pressure 


Hose Stream 
Demand 


Water Supply 

Duration 

(hours) 


ft 


m 


ft 


m 


/psi 


/bar 


gpm 


L/min 


Cartoned or 
exposed 


11.2 


20 


6.1 


25 


7.6 


Wet 


15/50 


15/3.4 


500 


1900 


2 


unexpanded 
plastics 


Dry 


N/A 


N/A 


N/A 


N/A 


N/A 




11.2 


20 


6.1 


30 


9.1 


Wet 


30/50 


30/3.4 


500 


1900 


2 


Cartoned or 
exposed 


Dry 


N/A 


N/A 


N/A 


N/A 


N/A 


unexpanded 
plastics 


Wet 


20/75 


20/5.2 


500 


1900 


2 




Dry 


N/A 


N/A 


N/A 


N/A 


N/A 


Cartoned or 
exposed 
unexpanded 


11.2 


25 


7.6 


30 


9.1 


Wet 


15/50 + 1 
level of 
in-rack 


15/3.4 + 

1 level of 

in-rack 


500 


1900 


2 


plastics 


Dry 


N/A 


N/A 


N/A 


N/A. 


N/A 




11.2 


25 


7.6 


35 


10.7 


Wet 


30/50 + 1 
level of 
in-rack 


30/3.4 + 

1 level of 

in-rack 


500 


1900 


2 


Cartoned or 
exposed 


Dry 


N/A 


N/A 


N/A 


N/A 


N/A 


unexpanded 
plastics 


Wet 


20/75 + 1 
level of 
in-rack 


20/5.2 + 

1 level of 

in-rack 


500 


1900 


2 




Dry 


N/A 


N/A 


N/A 


N/A 


N/A 



Table 12.3.3.2.1(b) Specific Application Control Mode (16.8 K-factor) Sprinkler Design 
Criteria for Single-, Double-, and Multiple-Row Racks without Solid Shelves of Plastics 
Commodities Stored Up to and Including 25 ft (7.6 m) in Height 





Maximum 
Storage Height 


Maximum 
Building Height 


Type of 
System 


Number of Design 

Sprinklers by Minimum 

Operating Pressure 


Hose Stream 
Demand 


Water 

Supply 

Duration 

(hours) 


Commodity 
Class 


ft 


m 


ft 


m 


10 psi 
(0.7 bar) 


22 psi 
(1.5 bar) 


gpm 


L/min 


Cartoned or 
exposed 
unexpanded 
plastics 


25 


7.6 


30 


9.1 


Wet 




15 


500 


1900 


2 
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INSTALLATION OF SPRINKLER SYSTEMS 



12.3.3.2.3.1 Fo r d e s i g n p u r pos es., 9 5 psi ( 6 . 6 bar ) s h al 1 be t:h e 

1 1 iaxi m l im d i sc: h a i ge p ress u re at th e hyd .ra u 1 i.ca 11 y m os t re mo te 
sprinkler. 

12.3.3.2.3.2 Open Wood Joist Construction. 

(A) W 1 1 e re 1 a rg e d r o p K- 1 .1.2 s p r i n k 1 e rs are i n s tal 1 e d und e r 
open wood joist construction, their minimum operating pres- 
s u i e s h a 1 1 be 50 ps i (3.4 ba r ) . 

(B) Where each joist channel of open, wood joist construc- 
tion is fully lire-stopped to its full depth at intervals not ex- 
ec ed i n g 2 ft ( 6 . 1 m ) , t h e 1 owe r p r ess u res s pe c i fi ed i n Tab 1 e 
12.3.3.2.1 (a) shall be permitted to be used. 

12.3.3.2.3.3 T h e d es i g n a re a shall b e a rec ta n gu 1 ar area h a v- 
i 1 1 g a dim e n s i o n par a 1 1 e 1 to th e b i a n c h lines a t. 1 e as t 1.2 t in i e s 
t h e s cj 1 1 a re t "o o I o f t h e a re a pro te c: te d by the nu m b e r o f s p r i n - 
klers to be included in the design area. Any fractional sprin- 
kler shall be included in the design area, 

12.3.3.2.3.4 (-lose stream demand and water supply duration 
req u i ven i en t.s s ha II be i n a ceo rda nee wi th those for ex tra h azard 
occupancies in Table 12.3.3.2.1(a) and Table 12.3.3.2.1(b). 

12.3.3.2.3.5 Preaction Systems. 

(A) For the purpose of using Table 12.3.3.2.1(a) and Table 
12.3.3.2. 1 (b), preaction systems shall be classified as dry pipe 
systems. 

(B) Where it can be demonstrated that the detection system 
activating the preaction system will cause water to be at the 
sprinklers when they operate, preaction systems shall be per- 
mitted to be treated as wet pipe systems. 

1. 2.3.3.2.3.6 T h e 1 1 o m i n a 1 d i am e te r o f bra n c h line pipes ( i n- 
e 1 u d i n g r i se r n i p p 1 es ) s h a 1 1 m ee t t h e fol 1 o wi n g: 

( 1 ) P i pe d i a i n e te i s h a 1 1 n o t be n o 1 1 ess th a n 1 V-\ in. ( 3 3 m m ) 
n o i ' gre a te i: th a n 2 in. ( 5 1 n im). 

( 2 ) S ta i ■ te I ' p i eces s 1 1 a 1 1 be pe r m i tie d to be 2 Vi i n . ( 64 m m ) . 

(3) Where branch lines are larger than 2 in. (51 mm), the 
s p r inkl e r s 1 1 a 11 be s 1 1 pp 1 i eel by a rise r n i p p 1 e to e 1 e vate th e 
s p ri n k 1 e r 13 in. ( 330 mm ) for 2 V±-i n . ( 64-m m ) pipe an d 
15 in. (380 mm) for 3-in. (76-mm) pipe. These dimen- 
sions vt re measured from the center line of the pipe to the 
d ell ecto r. In I i e u of th is, s p tin kl e rs sh a 1 1 be pe rm i t ted to 
I) e o 1 1 se t 1 to r i /o 1 1 tal 1 y a i n i n i m 1 1 m o f 1 2 i n . ( 305 m m ) . 

12.3.3.2.3.7 Building steel shall not require special protec- 
tion where Table 12.3.3.2.1(a) and Table 12.3.3.2.1(b) is ap- 
p 1 i e d a s app ro p r i a te fo r t h e s to rage eon li g u rati on. 

12.3.3.3* Early Suppression Fast-Response (ESFR) Sprinklers 
for Rack Storage of Plastics Commodities Stored Up to and 
Including 25 ft (7.6 m) in Height. 

12.3.3.3.1 Pro tecti o n o f s i n gl e-, do u ble-, an d in u 1 tiple-row 
rack s to j "age of cartoned or u near toned un expanded plastic 
and cartoned expanded plastic: shall be in accordance with 
Table 12.3.3.3.1. 

12.3.3.3.1.1 E SFR p ro te c ti o n a s d e fi n e d s h a 1 1 n o t a pply to t h e 

following: 

( 1 ) Rac k sto rage i n vo 1 vi n g so 1 i d shelves 

(2) Rack storage involving combustible, open -top cartons or 
containers 

12.3.3.3.2 ES FR sp ri n k 1 e r sys te m s s h a 11 be d es i gn ed s uch th a t 
the minimum operating pressure is not less than that indi- 



cated in Table 12.3.3.3.1 for type of storage, commodity, stor- 
age heigh t, an d bu il d i n g h eight i n vo I ved . 

12.3.3.3.3 The d esign area sh a 11 consis t o f the m ost h yd ran 1 i- 
call y d e m an d i n g a i ea of 1 2 s p ri n k 1 e rs, c o n s i s ti n g o f fo u r sp ri n - 
klers on each of three branch lines. The design shall include a 
minimum of 960 ft 2 (89 m~). 

1 2.3.3.3.4 WI i e re ESFR spri n kl e rs are i n s tailed above a n d be- 
low obstructions, the discharge for up to two sprinklers for 
one of the levels shall be included with those of the other level 
in the hydraulic calculations. 

12.3.3.4 In-Rack Sprinklers for Rack Storage of Plastics Com- 
modities Stored Up to and Including 25 ft (7.6 m) in Height. 

12.3.3.4.1 In-Rack Sprinkler Location for Rack Storage of 
Plastics Commodities Stored Up to and Including 25 ft (7.6 in) 
in Height. In-rack sprinklers shall be installed in accordance 
with Figure 12.3.3.1.5(a) through Figure 12.3.3.1.5(f). 

12.3.3.4.2 In-Rack Sprinkler Spacing for Rack Storage of 
Plastics Commodities Stored Up to and Including 25 ft (7.6 m) 
in Height. 

12.3.3.4.2.1 In-Rack Sprinkler Clearance. The minimum of 
6-i n . (152. 4-niin ) ve rti ca 1 c 1 e a r sp ace s h a 1 1 be n l a i n ta i n e d be- 
twe e n th e sp ri n kl e r dell e c to rs a n d th e to p of a ti e r of s to rage . 

12.3.3.4.2.2 The spac i n g of i n-rac k sp ri n kl e rs shall be i n ac- 
cord an ce wi th Fi gu re 1 2.3. 3. 1 . 5 ( a ) a n d Figu re 12.3.3. 1 . 5 ( f) . 

12.3.3.4.3 In-Rack Sprinkler Water Demand for Rack Stor- 
age of Plastics Commodities Stored Up to and Including 

25 ft (7.6 m) in Height. The water demand for sprinklers 
installed in racks shall be based on simultaneous operation of 
the most hyd radically remote sprinklers as follows: 

( 1 ) E i gh t sp ri n kl e i s w h e re o n 1 y on e 1 eve 1 is ins tal led i n rac ks 

(2) Fourteen sprinklers (seven on each top two levels) where 
more than one level is installed in racks 

12.3.3.4.4 In-Rack Sprinkler Discharge Pressure for Rack 
Storage of Plastics Commodities Stored Up to and Including 

25 ft (7.6 m) in Height. Sprinklers in racks shall discharge at 
not less than 15 psi (1 bar) for all classes of commodities. (See 
Section (119.) 

12.3.3.5 Special Design for Rack Storage of Plastics Com- 
modities Stored Up to and Including 25 ft (7.6 m) in Height. 

12.3.3.5.1 Slatted Shelves. 

12.3.3.5.1.1* Slatted shelves shall be considered equivalent to 
sol i d sh e Ives wh e re t h e req u i re m e n ts of 1 2.3. 3 - 5 . .1 a re n o I; m e t. 
(See Section. C 20.) 

12.3.3.5.1.2 A wet pipe system that is designed to provide a 
mini mum of 0.6 gprn/ft 2 (24.5 mm/min) density over a mini- 
mum area of 2000 fir (186 nr) or K-14.0 ESFR sprinklers op- 
erating at a minimum of 50 psi (3.5 bar), K-16.8 sprinklers 
operating at a minimum of 32 psi (1.7 bar), or K-25.2 ESFR 
sprinklers operating at. a minimum of 15 psi shall be permitted 
to protect single-row and double- row slatted-shelf racks where 
all of th e fol lowi n g co n d i lion s a re met: 

(1) Sprinklers shall be K-11.2, K-14.0, or K-16.8 orifice spray 
spri n kl e is wi th a tern pe ra tu re rati n g of o rd i n a iv, i n te rm e- 
diate, or high and shall be listed for storage occupancies or 
shall be K-14.0, K-16.8, or Jv25.2 ESFR. 
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Table 12.3.3.3.1 ESFR Protection of Rack Storage without Solid Shelves of Plastics Commodities 
Stored Up to and Including 25 ft (7.6 m) in Height 


Storage 
Arrangement 


Commodity 


Maximum 

Storage 
Height 


Maximum 

Ceiling/ 

Roof Height 


Nominal 
K-Factor 


Orientation 


Minimum 
Operating 
Pressure 


In-Rack 

Sprinkler 

Requirements 


Hose Stream 
O em and 


Water 

Supply 

Duration 

(hours) 


ft 


m 


ft 


m 


psi 


bar 


gpm 


L/ in iii 




Single-row, 

double-row 
and 

multiple-row 
rack (no 
open-top 

container's) 


Cartoned 
unexpa ruled 


20 


6. 1 


25 


7.0 


11.2 


Uprise. 


50 


3.4 


No 


250 


940 






14.0 


Upright or 
pendent 


50 


3.4 


No 






1 6.8 


Pendent 


35 


2.4 


No 




25.2 


Pendent 


15 


1 .0 


No 




30 


9.1 


14.0 


Upright or 
pendent 


50 


3.4 


No 






16.8 


Pendent 


35 


2.4 


No 






25.2 


Pendent 


15 


1 .0 


No 




35 


10.7 


14.0 


Upright or 
pendent 


75 


5.2 


No 




16.8 


Pendent 


52 


3.6 


No 






25.2 


Pendent 


20 


1.4 


No 






40 


12.2 


14.0 


Pendent 


75 


5.2 


No 






16.8 


Pendent 


52 


3.6 


No 




25.2 


Pendent: 


2.5 


1.7 


No 


1 


45 


13.7 


14.0 


Pendent 


00 


6.2 


Yes 






16.8 


Pendent 


63 


4,3 


Yes 






25.2 


Pendent 


40 


2.8 


No 






25 


7.6 


30 


9.1 


1 4.0 


Upright or 
pendent 


50 


3.4 


No 




1.6.8 


Pendent. 


35 


2.4: 


No 






25.2 


Pendent: 


15 


1.0 


No 






32 


9.8 


14.0 


Upright or 
pendent 


60 


4, 1 


No 




16.8 


Pendent 


42 


2.9 


No 






35 


10.7 


14.0 


Upright or 
pendent 


75 


5.2 


No 






16.8 


Pendent 


52 


3.6 


No 






25.2 


Pendent 


20 


1 .4 


No 






40 


12.2 


1 4.0 


Pendent. 


75 


5.2 


No 




16.8 


Pendent 


52 


3.6 


No 




25.2 


Pendent 


25 


1.7 


No 






45 


13.7 


14.0 


Pendent 


90 


6.2 


Yes 






16.8 


Pendent 


63 


4.3 


Yes 






25.2 


Pendent 


40 


2.8 


No 
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12.3.3.3.1 Continued 



Storage 
Arrangement 



Commodity 



Maximum 
Storage 
Height 



ft m 



Maximum 

Ceiling/ 

Roof Height 



ft m 



Nominal 
K-Factor 



Orientation 



Minimum 
Operating 
Pressure 



psi 



bar 



In-Rack 

Sprinkler 

Requirements 



Hose Stream 
Demand 



gpm L/min 



Water 

Supply 

Duration 

(hours) 



Exposed 
unexpanded 



14.0 



Pendent 



50 



3.4 



25 



7.6 



16.8 



Pendent 



35 



2.4 



14.0 



Pendent 



50 



3.4 



30 



9.1 



.16.8 



Pendent 



35 



2.4 



20 



6.1 



35 



14.0 



Pendent 



75 



5.2 



10.7 



16.8 



Pendent 



52 



3.6 



14.0 



Pendent 



75 



5.2 



40 



12.2 



16.8 



Pendent 



52 



3.6 



14.0 



Pendent 



90 



6.2 



45 



13.7 



.16.8 



Pendent 



63 



4.3 



14 



Pendent 



50 



3.4 



30 



9.1 



16.8 



Pendent 



35 



2.4 



14.0 



Pendent 



60 



4.1 



Single-row, 
double-row 

and 

multiple-row 

rack (no 

open-top 

containers) 



32 



9.8 



16.8 



Pendent 



42 



2.9 



14.0 



25 



7.6 



35 



Pendent 



75 



5.2 



10.7 



16.8 



Pendent 



52 



3.6 



14.0 



Pendent 



75 



5.2 



40 



12.2 



16.8 



Pendent 



52 



3.6 



14.0 



Pendent 



90 



6.2 



45 



13.7 



16.8 



Pendent 



63 



4.3 



Cartoned 
expanded 



14.0 



25 



7.6 



Upright or 
pendent 



50 



3.4 



16.8 



20 



Pendent 



35 



2.4 



6.1 



14.0 



30 



9.1 



Upright or 
pendent 



50 



16.8 



Pendent 



35 



2.4 



14.0 



30 



9.1 



Upright or 
pendent 



50 



3.4 



25 



7.6 



16.8 



Pendent 



35 



2.4 



14.0 



32 



9.8 



.16.8 



Pendent 



60 



4,1 



Pendent 



42 



2.9 



No 



No 



No 



No 



No 



No 



No 



No 



Yes 



Yes 



No 



No 



No 



No 



No 



No 



No 



Yes 



Yes 



No 



No 



No 



No 



No 



No 



No 



No 



250 



946 
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(2) The protected commodities shall be limited to Class I- IV, 
Group B plastics, Group C plastics, cartoned (expanded 
and unexpanded) Group A plastics, and exposed (unex- 
panded) Group A plastics. 

(3) Shelves shall be slatted using a minimum nominal 2-in. 
(5 J -mm) thick by maximum nominal 6-in. (152-mm) 
wide slat held in place by spacers that maintain a mini- 
mum 2-in. (51 -mm) opening between each slat. 

(4) Where K-l 1.2, K-I4.0, or K-16.8 orifice sprinklers are used, 
there shall be no slatted shell levels in the rack above 12 It 
(3.7 m). Wire mesh (greater than 50 percent opening) 
shall be permitted for shelf levels above 12 ft (3.7 m). 

(5) Transverse Hue spaces at least 3 in. (76 mm) wide shall 
be provided at least every 10 ft (3.1 m) horizontally. 

(6) Longitudinal flue spaces at least 6 in. (152 mm) wide 
shall be provided for double-row racks. Longitudinal 
flue spaces shall not be required when ESFR sprinklers 
are used. 

(7) The aisle widths shall be at least 1V> ft (2.3 m). 

(8) The maximum roof height: shall be 27 ft (8.2 m) or 30 ft 
w 7 here ESFRsprinkle rs are used. 

( 9 ) The m ax i m u m s to rage heights h al 1 be 2 ft (6.1 m ) . 

( 1 ) Sol i d p ly wo od o r s i. m i 1 a r m ate r i al s sh al 1 n o the pi ace d on 
the slatted shelves so that they block the 2-in. (51 -mm) 
spaces between slats, nor shall they be placed on the wire 
mesh shelves. 

12.3.4 Protection Criteria for Rack Storage of Class I through 
Class IV Commodities Stored Over 25 ft (7.6 m) in Height. 

12.3.4.1 Control Mode Density-Area Sprinkler Protection Cri- 
teria for Rack Storage of Class I through Class IV Commodi- 
ties Stored Over 25 ft (7.6 m) in Height. 

12.3.4.1.1* For single- and double-row racks, the water de- 
mand for n on encapsulated storage without solid shelves sepa- 
rated by aisles at; least 4 ft (1.2 m) wide and with not more than 

1 ft ( 3 . 1 m ) be twe e n th e to p o f s to rage a n d th e s p r i n k 1 e rs 
shall be based on sprinklers in a 2000-ftr (186-m a ) operating- 
area, d isch argi n g a mi n i m u m of .25 gp m / ft ~ ( 1 . 2 m m / m i n ) 
for Class I commodities, 0.3 gpm/fr 2 (12.2 mm/min) for Classes 

11 and 111 commodities, and 0.35 gpm/ft~ (14.3 mm/min) for 
Class IV commodities for ordinary temperature-rated sprinklers 
o r a m i n i m um of . 35 gpm /f r (14.3 m m / m i n ) for CI ass I com- 
modities, 0.4 gpm /ft 2 (16.3 mm/min) for Classes II and III 
commodities, and 0.45 gpm/fr (18.3 mm/min) for Class IV 
commodities for high temperature-rated sprinklers. (See r fable, 
123.4.1. 1 and Section C.23.) 

12.3.4.1.2 Wh e re s to rage as d esc r i be d i n 1 2.3.4. 1 .1 is e ncap- 
sulated, ceiling sprinkler density shall be 25 percent greater 
than for nonencapsulated storage. 

12.3.4.1.3 For multi pie-row racks, th e water demand for n one n- 
capsulated storage without solid shelves separated by aisles at 
least 4 ft (1.2 nij wide and with not more than 10 ft (3.1 m) 
between the top of storage and die sprinklers shall be based on 
sprinklers in a 2000-ft 2 (186-nr) operating area for multiple-row 
racks, discharging a minimum of 0.25 gpm/fr (10.2 mm/min) 
for Class I commodities, 0.3 gpm/fr (12.2 mm/min) for Classes 
11 and III commodities, and 0.35 gpm/fr (14.3 mm/min) for 
Class IV commodities for ordinaiy temperature-rated sprinklers 
or a minimum of 0.35 gpm/fr (14.3 mm/min) for Class I com- 
modities, 0.4 gpm /ft 2 (16.3 mm/min) for Classes II and III com- 
modities, and 0.45 gpm /fir (18.3 mm/min) for Class IV com- 
modities for high temperature-rated sprinklers. (See labk 
12.3.4.1.3.) 



12.3.4.1.4 Where such storage is e n c a p s u 1 a te d , c e i 1 i n g s p r i n - 
kler density shall be 25 percent greater than for nonencapsu- 
lated storage. 

12.3.4.1.5 The minimum water supply requirements for a 
h yd ran 1 i c al 1 y d e s i gn e d o c c u p an c y h a za r d f i re c o n I; ro 1 s p r i n - 
kler sys te m s h all be d e te rm i n e d by ad d i n g th e h os e s t re a m 
d e m a n d f r o m Tab 1 e 1 2.3.4.1. 5 to t h e wa te r s u p p 1 y fo r s p r i n - 
kl e rs d e term i n ed i n 1. 2 . 3 . 4. T h is su p p 1 y sh a 1 1 be avail ab 1 e fo r 
th e m i n i in u m d u ra t i o n s pe c i fi e d i n Ta b 1 e 12.3.4.1.5. 

12.3.4.2 Large Drop Sprinklers and Specific Application Con- 
trol Mode Sprinklers for Rack Storage of Class I through Class 
IV Commodities Stored Over 25 ft (7.6 m) in Height. 

12.3.4.2.1 Protection of single-, double-, and multiple-row 
rack storage without solid shelves for Classes I through IVcom- 
m o d i t i e s shall be i n a c c o r d a n c e w i t h Ta b 1 e 12.3. 4 .2.1. 

12.3.4.2.2 Where in-rack sprinklers are required by Table 
1 2. 3. 4. 2. 1 , i n-rack sp ri n kler s paci ng, design p ressu re, a n d h y- 
draulic calculation criteria shall be in accordance with the re- 
q u i re m e n ts o f 12.3.4.4 as ap pi i cabl e fo r th e co m in o d i ty. 

12.3.4.2.3 Protection shall be provided as specified in Table 
12.3.4.2.1 or appropriate N'FPA standards in terms of mini- 
mum operating pressure and the number of sprinklers to be 
included in the design area. 

12.3.4.2.3.1 Fo r des i gn pu i poses , 9 5 ps i ( 6 . 6 bar ) s h a 1 1 be th e 
maximum discharge pressure at the hydranlically most remote 
sprinkler. 

12.3.4.2.3.2 Open Wood Joist Construction. 

(A) Where large drop K-l 1.2 sprinklers are installed under 
ope n wood j oi s t c on s tr u c ti o n , th e i r m i n i m u m o p e ra ti n g pres- 
sure shall be 50 psi (3.4 bar). 

(B) Whe re each jo i s t ch an n e 1 o f o pe n , wood j o i s t co n s tr u c- 
tion is fully fire-stopped to its full depth at intervals not ex- 
ceeding 20 ft (6.1 m), the lower pressures specified in Table 
12.3.4.2.1 shall be permitted to be used. 

12.3.4.2.3.3 The design area shall be a rectangular area hav- 
i n g a cl i m e n s i o n paral lei to th e b ra n c h 1 i n e s a 1 1 ea s t 1.2 ti m e s 
the square root of the area protected by the number of sprin- 
klers to be included in the design area. Any fractional sprin- 
kl e r sh all be i n cl u d e d in th e d es i gn a re a . 

12.3.4.2.3.4 LI oses tre am d e m an cl an d wa te r s u p pi y d ti ra ti o n 
requirements shall be in accordance with Table 12.3.4.2.1. 

12.3.4.2.3.5 Preaction Systems. 

(A) For the purpose of using Table 12.3.4.2.1, preaction sys- 
tem s s ha 1 1 be c 1 ass i fi e d as d ry p i pe sys te m s . 

(B) Where it can be demonstrated that the detection system 
activating the preaction system will cause water to be at the 
sprinklers when they operate, preaction systems shall be per- 
mitted to be treated as wet pipe systems. 

12.3.4.2.3.6 The nominal diameter of branch line pipes (in- 
cluding riser nipples) shall meet the following: 

( 1 ) Pi pe d i a m e te r sha 1 1 n o t be n o t less th a n I '/i in. ( 3 3 m m ) 
nor greater than 2 in. (51 mm). 

( 2 ) Starte r pieces sh al 1 be pe rm i tied to be 2 '/> i n . ( 64 m m ) . 

(3) Where branch lines are larger than 2 in. (51 mm), the 
sp ri n k 1 e r s h al 1 be s u p p 1 i ed by a rise; r n i p p 1 e to e 1 eva te th e 
sprinkler 13 in. (330 mm) for 2Mnn. (64-mm) pipe and 
15 in. (380 mm) for 3-in. (76-mm) pipe. These dimen- 
s i o n s a re m eas u red fro m t he ce n te rl i n e of t h e p i pe to t h e 
deflector. In lieu of this, sprinklers shall be permitted to 
be offse t h o ri io n ta 1 ly a m in i m u m o f 1 2 i n . ( 305 m m ) . 
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Table 12.3.4.1.1 Double-Row Racks without Solid Shelves, of Class I through Glass IV 
Commodities Stored Over 25 ft (7.6 m) in Height, Aisles 4 ft (1.2 m) or Wider 















Ceiling Sprinkler Density Clearance up to 














10 ft 




In-Rack Sprinklers Approximate Vertical 
Spacing at Tier Nearest the Vertical 








Ceiling 
Sprinkler 


(3.1 m) 7 ' 8 ' 9 
















Distance and Maximum Horizontal 








Operating 


Ordinary 




Commodity 


Spacing 1 ' 2 ' 3 




Maximum 




Area 


Temperature 


High Temperature 






















Class 


Longitudinal Flue 1 


Face 5 *' 


Figure 


Storage Height 


Stagger 


ft 2 


m a 


gpm/ft 2 


mm/min 


gpm/ft 11 


mm/min 




Vertical 20 a (6.1 m) 


None 


12.3.4.4.1.1(a) 


30 ft (9.1m) 


No 






0.25 


10.2 


0.35 


.14.3 




Horizontal .1.0 it. (3.1 m) 
























ui icier horizontal barriers 










2000 


.186 










I 


Verticil 1 20 ft (6.1 m) 


Vertical 20 ft 


12. 3.4,4.1. 1(b) 




Yes 


0.25 


10.2 


0.35 


14.3 




Horizonlal 10 ft. (3,1 m) 


(6.1 n.) 
Horizontal 
10 Ft (3.1 m) 




Higher than 
25 ft (7.6 m) 


















Vertical .10 A (3.1 m)orat 


None 


12.3.4.4.1.1(c) 


30 Ft (9.1 in) 


Yes 






0.3 


12.2 


0.4 


16.3 




I5l.'l(16m) unci 25 ft. 
(7.6 in) 
























Vertical 10 It (3.1 m) 


Vertical 30 Ii 


12.3.4.4.1.1(d) 




Yes 


0.3 


12.2 


0.4 


J 6.3 




Horizontal 10 Fl (3.1 m) 


(9.1. m) 
.Horizontal 

10 Ft. (3.1 in) 






















Vertical 20 A (5.1 in) 


Vortical 20 ft 


12.3.4.4.1.1(c) 


Yes 


0.3 


12.2 


0.4 


16.3 




Horizontal .10 1:1 (3.1 m) 


(6.1 m) 
Horizontal 5 ft 

(1.5 m) 




















1,11111 












2000 


186 












Vertical 25 11 (7.6 m) 


Vertical 25 ft 


12.3.4.4.1.1(F) 




No 






0.3 


12.2 


0.4 


16.3 




Horizontal 5 Ft (1 .5 in) 


(7,6 m) 
Horizontal 5 ft 
(1.5 in) 




Higher than 

25 ft. (7.6 m) 


















Horizontal barriers at 




12.3.4.4.1.1(g) 


Yes 


0.3 


12.2 


0.4 


16.3 




20 IY (6.1 in) 
























Ve r ( ■ i ca 1 i n l.e rv; 1 1 s — two 
























lines of sprinklers 
























under harriers — 
























maximum horizontal 
























spacing 10 It (3.1 in). 
























.staggered 
























Vertical 15 11 (4.6 m) 


Vertical 20 Ft 


12.3.4.4.1.1(h) 




Yes 






0.35 


14,3 


0.45 


18.3 




Horizontal 10 a (3.1 m) 


(6.1 ,n) 
Horizontal 
10 ft (3.1 m) 






















Vertical 20 Ft (6.1 in) 


Vertical 20 ft 


12. 3.4.4. 1.1 (i) 


No 


0.35 


14.3 


0.45 


18.3 




Horizontal 5 ft. (1.5 in) 


(6.1 in) 
Horizontal 5 ft 




















1. 1IJIIJV 




(1.5 m) 




Higher than 

25 ft (7.6 m) 




2000 


186 






























Horizonlal barriers at 




12.3.4.4.1.1 (j) 




Yes 






0.35 


14.3 


0.45 


18.3 




15 Ft (■1.6 m) 
























Vertical intervals — two 
























lines of sprinklers 
























under barriers — 
























maxim urn horizontal 
























spacing 10 Ft. (3.1 m), 
























staggered 























Minimum iu-raek sprinkler discharge, 30 gpm (114 L/mi'n). 
"Water shields required. 

•''All in-nick sprinkler spacing dimensions start from the floor, 
'install sprinklers at least 3 in. (76.2 mm) from uprights. 

r, Face sprinklers shall not be required for a Class 1 commodity consisting of n on combustible products on wood pallets 
( w i 1 1 1 o 1. 1 1. c o n ) b u s t i b 1 e c <: > n la i i i e rs ) , exec p t i"o ran a ys s 1 1 o w n in Figure 1 2 . 3 . 4 . 4 . 1 . .1 ( g ) a n d Figure 1 2 . 3 . 4 . 4 . 1 . 1 ( j ) . 
'''In figure .12.3.4.4..1..1(a) through Figure 12.3.4.4. I.I (j), each square represents a storage cube that measures 4 Ft to 5 ft. 
( 1 .2 m to 1.5m) on a side. Actual load heights can vary From approximately 18 in. to 10ft (0.46 in to 3.1 m) . Therefore, there 
can be one load to six or seven loads between in-rack sprinklers that are spaced 10 Ft (3.1 in) apart vertically. 
'For encapsulated commodity, increase density 25 percent. 
*Clea ranee is distance between top of storage and ceiling. 
''See A. 12.3.1. 12 for protection recommendations whore clearance is greater than 10 ft (3.1 m). 
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Table 12.3.4.1.3 Multiple-Row Racks, of Class I through Class IV Commodities Stored Over 25 ft (7.6 m) in Height 





Encapsulated 


In-Rack Sprinklers' ' 2 '* 


Height 
Limit 

(A) 


Stagger 


Figure 


Maximum 
Spacing from 






Ceiling Sprinklers Density 


Commodity 
Class 


Approximate 
Vertical 
Spacing 


Maximum 

Horizontal 

Spacing in 

A Flue 


Maximum 
Horizontal 

Spacing 
across Flue 


Top of 

Storage to 
Highest 
In-Rack 

Sprinklers 


Ceiling 

Sprinkler 

Operating 

Area 


165° 
Rating 


286° 
Rating 


ft 


m 


ft 


m 


ft 


m 


ft 


m 


ft 2 


m 2 


gpm/ ft 2 


iim/min 


gpm/ft 2 


mm/min 


1 


No 


20 


6.1 


12 


3.7 


10 


3.1 


None 


Between 
adjacent 
fines 


12.3.4.4.1.3(a) 


10 


3.1 


2000 


186 


0.25 


10.2 


0.35 


14.3 




Yes 


0.31 




0.44 




1,1 r, and 


No 


i:> 


4.6 


10 


3.1 


10 


3.1 


12.3.4.4.1.3(b) 


10 


3. 1 


0.30 


12.2 


0.40 


16.3 


HI 


Yes 


0.37 




0.50 


20.4 


i, n, in, 


No 


10 


3.1 


10 


3.1 


10 


3.1 


12.3.4.4.1.3(c) 


5 


1.5 


0.35 


1 4.3 


0.45 


18.3 


and IV 


Yes 


0.44 




0.56. 





Notes: For SI units, °C = % (°F-32); I gprn/fr - 40.746 inm/min. 

'All ('out' tack (aces shall be protected by sprinklers located within 18 in. (0.46 in) of the faces, as indicated in Figure 12.3.4.4.1.3(a) through 

Figure 1 2. 3.4.-1. 1 .3(c), It shall not he required for each sprinkler level to protect all faces. 

"All in -rack sprinkler spacing dimensions start, from the floor. 

■'In Figure 12.3.4.4. 1 .^(a) through Figure 12.3.4.4.1.3(c), each square represents a storage cube measuring 4 fi. io 5 ft (1.2 in to 1 .5 in) on a side. 

Actual load heights can vaiy from approximately 18 in. to 1 ft (0.46 m to 3. 1 m). Therefore, there could he as few as one load or as many as six 

oi" seven loads between in-rack sprinklers that, are spaced 10 ft (3.1 in) apart vertically. 



Table 12.3.4.1.5 Hose Stream Demand and Water Supply Duration Requirements for Rack 
Storage of Class I through Class IV Commodities Stored Above 25 ft (7.6 m) in Height 





Storage Height 


Inside Hose 


Total Combined Inside 
and Outside Hose 


Duration 
(minutes) 


Classification 


ft 


m 


gpm 


L/min 


gpm 


L/min 


Class I, II, and III 

Class IV 


>25 
>25 


>7.6 
>7.6 


0, 50, or 100 
0, 50, or 100 


0, 190, 380 
0, 190, 380 


500 
500 


1900 
1900 


90 
120 



Table 12.3.4.2.1 Large Drop Sprinkler Design Criteria for Single-, Double-, and Multiple-Row 
Racks without Solid Shelves of Class I through Class IV Commodities Stored Over 25 ft 
(7.6 m) in Height 



Commodity 

Class 


Nominal 
K-Factor 


Maximum 
Storage Height 


Maximum 

Ceiling/ Roof 

Height 


Type of 

System 


Number of Design Sprinklers/ 
Minimum Pressure 


Hose Stream 
Demand 


Water Supply 
Duration 

(hours) 


ft 


m 


ft 


m 


#/psi 


#/bar 


gpm 


L/min 


1,11 


1 1 .2 


30 


9.1 


35 


10.7 


Wet 


20/25 + 1 level 
of in-rack 


20/1.7+ 1 level 
of in-rack 


500 


1900 


\¥> 


Dry 


30/25 + 1 level 
of in-rack 


30/1.7+ 1 level 
of in-rack 


500 


1900 


1 V> 


III, IV 




Design criteria no 


applicable to Class 


III or Class 


IV coin modi ties stored in excess of 


25 ft (7.6 in) in heigl 


it 



12.3.4.2.3.7 Building steel shall not require special protec- 
tion where Table 12.3.4.2.1 is applied as appropriate for the 
storage configuration. 

12.3.4.3* Early Suppression Fast-Response (ESFR) Sprinklers 
for Rack Storage of Class I through Class IV Commodities 
Stored Over 25 ft (7.6 m) in Height. 

12.3.4.3.1 Protection of single-, double-, and multiple-row 
rack storage of Classes I through IV shall be in accordance 
with Table 12.3.4.3.1. 



12.3.4.3.1.1 ESFR protection as defined shall not apply to the 
following: 

(1) Rack storage involving solid shelves 

(2) Rack storage involving combustible, open-top cartons or 
containers 

12.3.4.3.2 ESFR sprinkler systems shall be designed such that 
the minimum operating pressure is not less than that indi- 
cated in Table 12.3.4.3.1 for type of storage, commodity, stor- 
age height, and building height involved. 
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Table 12.3.4.3.1 ESFR Protection of Rack Storage without Solid Shelves of Class I through 
Class IV Commodities Stored Over 25 ft (7.6 m) in Height 



Storage 
Arrangement 


Commodity 


Maximum 
Storage 
Height 


Maximum 

Ceiling/ 

Roof 

Height 


Nominal 
K-Factor 


Orientation 


Minimum 
Operating 
Pressure 


In-Rack 

Sprinkler 

Requirements 


Hose Stream 
Demand 


Water 

Supply 

Duration 

(hours) 


ft 


m 


ft 


m 


psi 


bar 


gpm 


L/min 




Class J, II, III, or IV, 
encapsulated or 
nnencapsulated 


30 


9.1 


35 


10.7 


14.0 


Upright or 
pendent 


75 


5.2 


No 


250 


946 






16.8 


Pendent 


52 


3.6 


No 






25.2 


Pendent 


20 


1.4 


No 






40 


12.2 


14.0 


Pendent 


75 


5.2 


No 






16.8 


Pendent 


52 


3.6 


No 






25.2 


Pendent 


25 


1.7 


No 






45 


13.7 


14.0 


Pendent 


90 


6.2 


Yes 




Single-row, 
double-row, 


16.8 


Pendent 


63 


4.3 


Yes 




and 
multiple-row 


25.2 


Pendent 
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12.3.4.3.3 The design area shall consist of the most hydrauli- 
cally demanding area of 12 sprinklers, consisting of four sprin- 
klers on each of three branch lines. The design shall include a 
minimum of 960 ft" (89 m 2 ). 

12.3.4.3.4 Where required by Table 12.3.4.3.1, one level of 
K-8.0 quick-response, ordinary-temperature in-rack sprinklers 
shall be installed at the tier level closest to but not exceeding 
Vi of t.h e m ax i m u m s to rage h e i gh t . 1 n -rack sprin kl e r h yd raul ic 
design criteria shall be the most hydraulically remote eight 
sprinklers at 50 psi (3.4 bar). In-rack sprinklers shall be lo- 
cated at the intersection of the longitudinal and transverse 
flue space. Horizontal spacing shall not be permitted to ex- 
ceed 5-f t ( 1 . 5-m ) i n te rva Is . 

12.3.4.3.5 Where ESFR sprinklers are installed above and be- 
low obstructions, the discharge for up to two sprinklers for 
one of the levels shall be included with those of the other level 
in the hydraulic calculations. 

12.3.4.4 In-Rack Sprinklers for Rack Storage of Class I through 
Class IV Commodities Stored Over 25 ft (7.6 m) in Height. 

12.3.4.4.1 In-Rack Sprinkler Location for Rack Storage of 
Class I through Class IV Commodities Stored Over 25 ft 
(7.6 m) in Height. 



12.3.4.4.1.1* Double-Row Racks. 

(A) In double-row racks without solid shelves and with a maxi- 
mum of 10 ft (3.1 m) between the top of storage and the 
ceiling, in-rack sprinklers shall be installed in accordance with 
Table" 12.3.4.1.1' and Figure 12.3.4.4.1.1(a) through Figure 
12.3.4.4.1.1 (j). The highest level of in-rack sprinklers shall be 
not more than 10 ft (3.1 m) below the top of storage. Where a 
single-row rack is mixed with double-row racks, Table 12.3.4.1.1 
and Figure 12.3.4.4. LI (a) through Figure 12.3.4.4.1 .1 (j) 
shall be used. 

(B) Figure 12.3.4.4.1.2(a) through Figure 12.3.4.4.1.2(c) 
shall be permitted to be used for the protection of the single- 
row racks. 

12.3.4.4.1.2* Single-Row Racks. In single-row racks without 
solid shelves with storage height over 25 ft (7.6 m) and a maxi- 
mum of 10 ft (3.1 m) between the top of storage and the 
ceiling, sprinklers shall be installed in accordance with Figure 
12.3.4.4.1.2(a) through Figure 12.3.4.4.1.2(e). In single-row 
racks, where figures show in-rack sprinklers in transverse flue 
spaces centered between the rack faces, it shall be permitted 
to position these in-rack sprinklers in the transverse flue at any 
point between the load faces. 
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Notes: 

1. Symbol x indicates in-rack sprinklers. 

2. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 

1 8 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically, 

FIGURE 12.3.4.4.1.1(a) In-Rack Sprinkler Arrangement, 
Class I Commodities, Storage Height 25 ft to Maximum 30 ft 
(7.6 m to Maximum 9.1 m). 
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Notes: 



Alternate location of in-rack sprinklers. Sprinklers shall be permitted 
to be installed above loads A and Cor above loads B and D. 
Symbol A or x indicates sprinklers on vertical or horizontal stagger. 
Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 



FIGURE 12.3.4.4.1.1(c) In-Rack Sprinkler Arrangement, 
Class I, Class II, or Class III Commodities, Storage Height 
25 ft to Maximum 30 ft (7.6 m to Maximum 9.1 m). 
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Notes: 

1 . Sprinklers labeled 1 (the selected array from Table 12.3.4.1 .1) shall 
be required where loads labeled A or B represent top of storage. 

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C 
or D represent top of storage. 

3. Sprinklers labeled 1 and 3 shall be required where loads labeled 
E or F represent top of storage. 

4. For storage higher than represented by loads labeled F, the cycle 
defined by Notes 2 and 3 is repeated, with stagger as indicated. 

5. Symbol A or x indicates sprinklers on vertical or horizontal stagger. 

6. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1.53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1.1(b) In-Rack Sprinkler Arrangement, 
Class I Commodities, Storage Height Over 25 ft (7.6 m). 
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Notes: 

1 . Sprinklers labeled 1 shall be required where loads labeled A 
represent the top of storage. 

2. Sprinklers labeled 1 and 2 shall be required where loads labeled 
B or C represent top of storage. 

3. Sprinklers labeled 1, 2, and 3 shall be required where loads labeled 
D or E represent top of storage. 

4. Sprinklers labeled 1. 2, 3, and 4 shall be required where loads 
labeled For G represent top of storage. 

5. Sprinklers labeled 1 . 2, 3, 4, and 5 shall be required where loads 
labeled H represent top of storage. 

6. For storage higher than represented by loads labeled H, the cycle 
defined by Notes 3, 4, and 5 is repeated with stagger as indicated. 

7. The indicated face sprinklers shall be permitted to be omitted where 
commodity consists of unwrapped or unpackaged metal parts on 
wood pallets. 

8. Symbol A or x indicates sprinklers on vertical or horizontal stagger. 

9. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1.53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1.1(d) In-Rack Sprinkler Arrangement, 
Class I, Class II, or Class III Commodities, Storage Height 
Over 25 ft (7.6 m) — Option 1. 
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Notes: 

1. Sprinklers labeled 1 (the selected array from Table 12. 3. 4. 1.1) shall 
be required where loads labeled A or B represent top of storage. 

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C 
or D represent top of storage. 

3. Sprinklers labeled 1 and 3 shall be required where loads labeled E 
or F represent top of storage. 

4. For storage higher than represented by loads labeled F, the cycle 
defined by Notes 2 and 3 is repeated, with stagger as indicated. 

5. Symbol A or x indicates sprinklers on vertical or horizontal stagger. 

6. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 1 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1.1(e) In-Rack Sprinkler Arrangement, 
Class I, Class II, or Class III Commodities, Storage Height 
Over 25 ft (7.6 m) — Option 2. 
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Notes: 

1. Sprinklers labeled 1 (the selected array from Table 12.3.4.1.1) shall 
be required where loads labeled A or B represent top of storage. 

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C 
or D represent top of storage. 

3. Sprinklers labeled 1 and 3 shall be required where loads labeled E 
represent top of storage. 

4. Sprinklers labeled 1 and 4 shall be required where loads labeled F 
or G represent top of storage. 

5. For storage higher than represented by loads labeled G, the cycle 
defined by Notes 2, 3, and 4 is repeated. 

6. Symbol x indicates face and in-rack sprinklers. 

7. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 

1 8 in. (0.46 m) up to 1 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1.1(f) In-Rack Sprinkler Arrangement, 
Class I, Class II, or Class III Commodities, Storage Height 
Over 25 ft (7.6 m) — Option 3. 
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Notes: 

1 . Sprinklers labeled 1 (the selected array from Table 1 2.3.4. 1.1) shall 
be required where loads labeled A or 8 represent top of storage. 

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C 
or D represent top of storage. 

3. Sprinklers labeled 1 and 3 shall be required where loads labeled E 
or F represent top of storage. 

4. For storage higher than represented by loads labeled F, the cycle 
defined by Notes 2 and 3 is repeated. 

5. Symbols o, A, and x indicate sprinklers on vertical or horizontal 
stagger. 

6. Each square represents a storage cube measuring 4 ft to 5 ft (1.22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1.1(g) In-Rack Sprinkler Arrangement, 
Class I, Class II, or Class III Commodities, Storage Height 
Over 25 ft (7.6 m) — Option 4. 
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Notes: 

1 . Sprinklers labeled 1 (the selected array from Table 1 2.3.4. 1.1) shall 
be required where loads labeled A or B represent top of storage. 

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C 
or D represent top of storage. 

3. Sprinklers labeled 1 , 2, and 3 shall be required where loads labeled 
Eor F represent top of storage. 

4. Sprinklers labeled 1,2,3, and 4 shall be required where loads 
labeled G represent top of storage. 

5. Sprinklers labeled 1, 2, 3, 4, and 5 shall be required where loads 
labeled H represent top of storage. 

6. Sprinklers labeled 1 , 2, 3, 4, and 6 (not 5) shall be required where 
loads labeled / or J represent top of storage. 

7. Sprinklers labeled 1,2,3, 4, 6, and 7 shall be required where loads 
labeled K represent top of storage. 

8. Sprinklers labeled 1 , 2, 3, 4, 6, and 8 shall be required where loads 
labeled L represent top of storage. 

9. Sprinklers labeled 1, 2, 3, 4, 6, 8, and 9 shall be required where 
loads labeled M or N represent top of storage. 

10. For storage higher than represented by loads labeled A/ t the cycle 
defined by Notes 1 through 9 is repeated, with stagger as indicated. 
In the cycle, loads labeled Mare equivalent to loads labeled A. 

1 1 . Symbols o, x, and A indicate sprinklers on vertical or horizontal 
stagger. 

12. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few 
as one load or as many as six or seven loads between in-rack 
sprinklers that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1.1(h) In-Rack Sprinkler Arrangement, 
Class I, Class II, Class III, or Class TV Commodities, Storage 
Height Over 25 ft (7.6 m) — Option 1. 
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Notes: 

1 . Sprinklers labeled 1 (the selected array from Table 12.3.4.1 .1) shall 
be required where loads labeled A or B represent top of storage. 

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C 
or D represent top of storage. 

3. Sprinklers labeled 1 and 3 shall be required where loads labeled E 
or F represent top of storage. 

4. For storage higher than represented by loads labeled F, the cycle 
defined by Notes 2 and 3 is repeated. 

5. Symbol x indicates face and in-rack sprinklers. 

6. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft {3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 1 2.3.4.4. 1.1 (i) In-Rack Sprinkler Arrangement, 
Class I, Class II, Class III, or Class IV Commodities, Storage 
Height Over 25 ft (7.6 m) — Option 2. 
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Notes: 

1. Sprinklers labeled 1 (the selected array from Table 12.3.4.1.1) shall 
be required where loads labeled A or B represent top of storage. 

2. Sprinklers labeled 1 and 2 and barrier labeled 1 shall be required 
where loads labeled C represent top of storage. 

3. Sprinklers and barriers labeled 1 and 3 shall be required where 
loads labeled Dor £: represent top of storage. 

4. For storage higher than represented by loads labeled E, the cycle 
defined by Notes 2 and 3 is repeated. 

5. Symbol A or x indicates sprinklers on vertical or horizontal stagger. 

6. Symbol o indicates longitudinal flue space sprinklers. 

7. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1. l(j) In-Rack Sprinkler Arrangement, 
Class I, Class II, Class III, or Class IV Commodities, Storage 
Height Over 25 ft (7.6 m) — Option 3. 








a 



Elevation Plan View 

Notes: 

1. For all storage heights, sprinklers shall be installed in every other 
tier and staggered as indicated. 

2. Symbol A or x indicates sprinklers on vertical or horizontal stagger. 

3. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 

1 8 in. (0.46 m) up to 1 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1.2(a) Class I, Class II, Class III, or Class 
IV Commodities, In-Rack Sprinkler Arrangement, Single-Row 
Racks, Storage Height Over 25 ft (7.6 m) — Option 1. 
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Note: Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 18 in. 
(0.46 m) up to 1 ft (3.05 m). Therefore, there could be as few as one load 
or as many as six or seven loads between in-rack sprinklers that are 
spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1.2(b) Class I, Class II, or Class III Com- 
modities, In-Rack Sprinkler Arrangement, Single-Row Racks, 
Storage Height Over 25 ft (7.6 m) — Option 1. 



V" 



□ 
□ 
□ 



/-Barrier 




Barrier 




Elevation 



Barriers shown with - 
background 

Plan View 



Note: Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 18 in. 
(0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one load 
or as many as six or seven loads between in-rack sprinklers that are 
spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1.2(c) Class I, Class II, or Class III Com- 
modities, In-Rack Sprinkler Arrangement, Single-Row Racks, 
Storage Height Over 25 ft (7.6 m) — Option 2. 
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Plan View 



Note: Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 18 in. 
(0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one load 
or as many as six or seven loads between in-rack sprinklers that are 
spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1.2(d) Class I, Class II, Class III, or Class 
IV Commodities, In-Rack Sprinkler Arrangement, Single-Row 
Racks, Storage Height Over 25 ft (7.6 m) — Option 2. 
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Note: Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 18 in. 
(0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one load 
or as many as six or seven loads between in-rack sprinklers that are 
spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1.2(e) Class I, Class II, Class III, or Class 
IV Commodities, In-Rack Sprinkler Arrangement, Single-Row 
Racks, Storage Height Over 25 ft (7.6 m) — Option 3. 
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12.3.4.4.1.3* In-Rack Sprinkler Location — Multiple-Row 
Racks for Rack Storage of Class I through Class IV Commodi- 
ties Stored Over 25 ft (7.6 m) in Height. In multiple-row racks 
with a maximum of 10 ft (3.1 m) between the top of storage 
and the ceiling, protection shall be in accordance with Table 
12. 3.4.1. 3 and in-rack sprinklers shall be installed as indicated 
in Figure 12.3.4.4.1.3(a) through Figure 12.3.4.4.1.3(c). The 
highest level of in-rack sprinklers shall be not more than 10 ft 
(3.1 m) below maximum storage height for Class I, Class II, or 
Class III commodities or 5 ft (1.5 m) below the top of storage 
for Class IV commodities. 
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Loading Aisle Elevation 

Notes: 

1. Sprinklers labeled 1 shall be required if loads labeled A represent top 
of storage. 

2. Sprinklers labeled 1 and 2 shall be required if loads labeled Sor C 
represent top of storage. 

3. Sprinklers labeled 1 and 3 shall be required if loads labeled Dor E 
represent top of storage. 

4. For storage higher than represented by loads labeled E, the cycle 
defined by Notes 2 and 3 is repeated, with stagger as indicated. 

5. Symbol A or x indicates sprinklers on vertical or horizontal stagger. 

6. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 1 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1.3(a) In-Rack Sprinkler Arrangement — 
Multiple-Row Racks, Class I Commodities, Storage Height 
Over 25 ft (7.6 m). 
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Notes: 

1. Sprinklers labeled 1 and 2 shall be required if loads labeled A 
represent top of storage. 

2. Sprinklers labeled 1 and 3 shall be required if loads labeled 6 or C 
represent top of storage. 

3. For storage higher than represented by loads labeled C, the cycle 
defined by Notes 2 and 3 is repeated, with stagger as indicated. 

4. Symbol A or x indicates sprinklers on vertical or horizontal stagger. 

5. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1.3(b) In-Rack Sprinkler Arrangement — 
Multiple-Row Racks, Class I, Class II, or Class III Commodi- 
ties, Storage Height Over 25 ft (7.6 m). 
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between sprinklers 



Loading aisle 
Plan View 
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between sprinklers 
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Face 



Maximum 5 ft (1.52 m) 
3 between sprinklers 
and top of storage 

2 



Maximum 10 ft 
(3.05 m) between 
sprinklers and floor 

i 



Loading Aisle Elevation 

Notes: 

1 . Sprinklers labeled 1 , 2, and 3 shall be required if loads labeled A 
represent top of storage. 

2. Sprinklers labeled 1, 2, and 4 shall be required if loads labeled B 
represent top of storage. 

3. For storage higher than represented by loads labeled B, the cycle 
defined by Notes 1 and 2 is repeated, with stagger as indicated. 

4. Symbol A or x indicates sprinklers on vertical or horizontal stagger. 

5. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.4.4.1.3(c) In-Rack Sprinkler Arrangement, 
Class I, Class II, Class III, or Class IV Commodities — 
Multiple-Row Racks, Storage Height Over 25 ft (7.6 m). 

12.3.4.4.2 In-Rack Sprinkler Spacing for Rack Storage of 
Class I through Class IV Commodities Stored Over 25 ft 
(7.6 m) in Height. 

12.3.4.4.2.1 In-Rack Sprinkler Spacing. In-rack sprinklers 
shall be staggered horizontally and vertically where installed 
in accordance with Table 12.3.4.1.1, Figure 12.3.4.4.1.1(a) 
through Figure 1 2.3.4.4.1.1 (j) and Figure 12.3.4.4.1.2(a) 
through Figure 12.3.4.4.1.2(e). 

12.3.4.4.2.2 In-rack sprinklers for storage higher than 25 ft 
(7.6 m) in double-row racks shall be spaced horizontally and 
located in the horizontal space nearest the vertical intervals 
specified in Table 12.3.4.1.1 and Figure 12.3.4.4.1.1(a) 
through Figure 12.3.4.4.1.1 (j). 

12.3.4.4.2.3 In-Rack Sprinkler Spacing. Maximum horizontal 
spacing of sprinklers in multiple-row racks with storage higher 
than 25 ft (7.6 m) shall be in accordance with Figure 
12.3.4.4.1.3(a) through Figure 12.3.4.4.1.3(c). 



12.3.4.4.3 In-Rack Sprinkler Water Demand for Rack Storage 
of Class I through Class IV Commodities Stored Over 25 ft 
(7.6 m) in Height. The water demand for sprinklers installed 
in racks shall be based on simultaneous operation of the most 
hydraulically remote sprinklers as follows: 

(1) Six sprinklers where only one level is installed in racks 
with Class I, Class II, or Class III commodities 

(2) Eight sprinklers where only one level is installed in racks 
with Class IV commodities 

(3) Ten sprinklers (five on each two top levels) where more 
than one level is installed in racks with Class I, Class II. or 
Class III commodities 

(4) Fourteen sprinklers (seven on each two top levels) where 
more than one level is installed in racks with Class IV 
commodities 

12.3.4.4.4 In-Rack Sprinkler Discharge for Rack Storage of 
Class I through Class IV Commodities Stored Over 25 ft (7.6 m) 
in Height. Sprinklers in racks shall discharge at a rate not less 
th an 30 gp m (113.6 L/ m in) for all cl asses o f co m in od i ti es . 

12.3.4.5 Special Design for Rack Storage of Class I through 
Class IV Commodities Stored Over 25 ft (7.6 m) in Height. 

12.3.4.5.1 High-Expansion Foam Systems. Where high- 
expansion foam is used in combination with ceiling sprin- 
kle rs , th e m i n i m u m ce i Li n . g s p r i n kl e r d e s i gn d e n s i ty s h a 1 1 b e 
0.2 gprn/fr (8.2 mm/min) for Class I, Class II, or Class III 
com m o d i ti e s an d . 2 5 g p m / ft 2 (10.2 m m / m i n ) f o r C 1 ass IV 
commodities for the most hydraulically remote 20004 r 
(186-rn 2 ) area. 

12.3.4.5.1.1 Where high-expansion foam is used in combina- 
tion with ceiling" sprinklers, the minimum ceiling sprinkler 
design density shall be 0.2 gpm/ft 2 (8.2 mm/min) for Class I, 
Class II, or Class III commodities and 0.25 gpm/ft 2 (1 0.2 mm/ 
min) for Class IV commodities for the most hydraulically re- 
in o te 2 000-f t 2 ( 1 86-m~ ) op e ra ti n g a re a. 

12.3.4.5.1.2 Whe re h igh -ex pa ns i o n foam sys te m s a re u sed fo r 
storage over 25 ft (7.6 m) high up to and including 35 ft 
(10.7 m) high, they shall be used in combination with ceiling 
sprinklers. The maximum submergence time for the high- 
expansion foam shall be 5 minutes for Class I, Class II, or Class 
II I co m modi ties and 4 m i n u tes fo r Cl ass IV co in m o d i ti es . 

12.3.5 Protection Criteria for Rack Storage of Plastics Com- 
modities Stored Over 25 ft (7.6 m) in Height. 

12.3.5.1 Control Mode Density-Area Sprinkler Protection Crite- 
ria for Rack Storage of Plastics Commodities Stored Over 25 ft 
(7.6 m) in Height for Single-, Double-, and Multiple-Row Racks. 

12.3.5.1.1 Ceiling Sprinkler Water Demand. For Group A plas- 
tic com m od i ties i n car to n s , e n caps u 1 a ted o i n o n e n caps u 1 ate d , 
ceiling sprin kle r wate r d e m an d i n te nn s of d e n s i ty [ gp m / ft* 
( m m / min ) ] and are a of o pe ration |" ft 2 ( m 2 ) 1 sh a 1 1 be se 1 ec ted 
from Table 12.3.5.1.1. 

12.3.5.1.2 Where a single-row rack is mixed with double-row 
racks, either Figure 12.3.5.1.2(a) or Figure 12.3.5.1.2(b) shall 
be used i n acco rdan ce wi th th e co r re s po n d i n.g s to rage h e i g h t. 

12.3.5.1.2.1 Figure 12.3.5.1.2.1(a) through Figure 12.3.5.1.2.1(c) 
shall be permitted to be used for the protection of the single- 
row racks. 

12.3.5.1.3 The minimum water supply requirements for a hy- 
draulically designed occupancy hazard fire control sprinkler sys- 
tem shall be determined by adding the hose stream demand 
from Table 12.3.5.1.3 to the water supply for sprinklers deter- 
mined in 12.3.5. This supply shall be available for the minimum 
duration specified in Table 12.3.5.1.3. 



2002 Edition 



13-154 



INSTALLATION OF SrRlN.KI.ER SYSTEMS 



Table 12.3.5.1.1 Control Mode Density-Area Sprinkler 
Discharge Criteria for Single-, Double-, and Multiple-Row 
Racks of Plastics Commodities with Storage Over 25 ft 
(7.6 m) in Height 



Storage Height above Top 
Level In-Rack Sprinklers 



Ceiling Sprinklers Density 
(gpm/ft 2 ) 



5 ft; or less 

Over 5 II up to 10 11 



0.30/2000 
0.45/2000 
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Elevation View 
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Notes: 

1 . Sprinklers and barriers labeled 1 shall be required where loads 
labeled A or 6 represent top of storage. 

2. Sprinklers labeled 1 and 2 and barriers labeled 1 shall be required 
where loads labeled C represent top of storage. 

3. Sprinklers and barriers labeled 1 and 3 shall be required where 
loads labeled D or E represent top of storage. 

4. For storage higher than represented by loads labeled E, the cycle 
defined by Notes 2 and 3 is repeated. 

5. Symbol A or x indicates face sprinklers on vertical or horizontal 
stagger. 

6. Symbol o indicates longitudinal flue space sprinklers. 

7. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1.53 m) on a side. Actual load heights can vary from approximately 
18 in, (0.46 m) up to 1 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.5.1.2(a) In-Rack Sprinkler Arrangement, 
Group A Plastic Commodities, Storage Height Over 25 ft 
(7.6 m) — Option 1. 
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Elevation View 



Plan View 



Notes: 

1. Sprinklers labeled 1 shall be required where loads labeled ,4 or B 
represent top of storage. 

2. Sprinklers labeled 1 and 2 shall be required where loads labeled 
C represent top of storage. 

3. Sprinklers labeled 1 and 3 shall be required where loads labeled D 
or E represent top of storage. 

4. For storage higher than loads labeled F, the cycle defined by 
Notes 2 and 3 is repeated. 

5. Symbol x indicates face and in-rack sprinklers. 

6. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1.53 m) on a side. Actual load heights can vary from approximately 

1 8 in. (0.46 m) up to 1 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.5.1.2(b) In-Rack Sprinkler Arrangement, 
Group A Plastic Commodities, Storage Height Over 25 ft 
(7.6 m) — Option 2. 
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Note: Each square represents a storage cube measuring 4 ft to 5 ft 
(1 .22 m to 1 .53 m) on a side. Actual load heights can vary from 
approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there 
could be as few as one load or as many as six or seven loads between 
in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.5.1.2.1(a) In-Rack Sprinkler Arrangement, 
Group A Plastic Commodities, Single-Row Racks, Storage 
Height Over 25 ft (7.6 m) — Option 1. 
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Note: Each square represents a storage cube measuring 4 ft to 5 ft 
(1 .22 m to 1 .53 m) on a side. Actual load heights can vary from 
approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there 
could be as few as one load or as many as six or seven loads between 
in-rack sprinklers that are spaced 10 ft (3.05m) apart vertically. 

FIGURE 12.3.5.1.2.1(b) In-Rack Sprinkler Arrangement, 
Group A Plastic Commodities, Single-Row Racks, Storage 
Height Over 25 ft (7.6 m) — Option 2. 
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Elevation View 

Note: Each square represents a storage cube measuring 4 ft to 5 ft 
(1 .22 m to 1.53 m) on a side. Actual load heights can vary from 
approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there 
could be as few as one load or as many as six or seven loads between 
in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.5.1.2.1(c) In-Rack Sprinkler Arrangement, 
Group A Plastic Commodities, Single-Row Racks, Storage 
Height Over 25 ft (7.6 m) — Option 3. 



12.3.5.2 Large Drop Sprinklers and Specific Application Con- 
trol Mode Sprinklers for Rack Storage of Plastics Commodi- 
ties Stored Over 25 ft (7.6 m) in Height. 

12.3.5.3* Early Suppression Fast-Response (ESFR) Sprinklers 
for Rack Storage of Plastics Commodities Stored Over 25 ft 
(7.6 m) in Height. 

12.3.5.3.1 Protection of single-, double-, and multiple-row 
rack storage of cartoned or uncartoned unexpanded plastic 
and cartoned expanded plastic shall be in accordance with 
Table 12.3.5.3.1. 



12-3.5.3.1.1 ESFR protection as defined shall not apply to the 
following: 

(1 ) Rack storage involving solid shelves 

(2) Rack storage involving combustible, open-top cartons or 
containers 

12.3.5.3.2 ESFR sprinkler systems shall be designed such that 
the minimum operating pressure is not less than that indi- 
cated in Table 12.3.5.3.1 for type of storage, commodity, stor- 
age height, and building height involved. 

12.3.5.3.3 The design area shall consist of the most hyd radi- 
cally demanding area of 12 sprinklers, consisting of four sprin- 
klers on each of three branch lines. The design shall include a 
minimum of 960 ft 2 (89 m 2 ). 

12.3.5.3.4 Where required by Table 12.3.5.3.1, one level of 
K-8.0 quick-response, ordinary- temperature in-rack sprinklers 
shall be installed at the tier level closest to but not exceeding 
Vz of the maximum storage height. In-rack sprinkler hydraulic 
design criteria shall be the most hydraulicaJly remote eight 
sprinklers at 50 psi (3.4 bar). In-rack sprinklers shall be lo- 
cated at the intersection of the longitudinal and transverse 
flue space. Horizontal spacing shall not be permitted to ex- 
ceed 5-ft (1.5-m) intervals. 

12.3.5.3.5 Where ESFR sprinklers are installed above and be- 
low obstructions, the discharge for up to two sprinklers for 
one of the levels shall be included with those of the other level 
in the hydraulic calculations. 

12.3.5.4 In-Rack Sprinklers for Rack Storage of Plastics Com- 
modities Stored Over 25 ft (7.6 m) in Height. 

12.3.5.4.1 In-Rack Sprinkler Location for Rack Storage of 
Plastics Commodities Stored Over 25 ft (7.6 m) in Height. 

12.3.5.4.1.1 In double-row racks without solid shelves and 
with a maximum of 10 ft (3.1 m) between the top of storage 
and the ceiling, in-rack sprinklers shall be installed in accor- 
dance with Figure 12.3.5.1.2(a) or Figure 12.3.5.1.2(b). The 
highest level of in-rack sprinklers shall be not more than 10 ft 
(3.1 m) below the top of storage. 

12.3.5.4.1.2 In singie-row racks without solid shelves with 
storage height over 25 ft (7.6 m) and a maximum of 10 ft 
(3.1 m) between the top of storage and the ceiling, sprin- 
klers shall be installed as indicated in Figure 12.3.5.1.2.1(a), Fig- 
ure 12.3.5.1.2.1(b), or Figure 12.3.5.1.2.1(c). 

12.3.5.4.1.3* In multiple-row racks without solid shelves with 
storage height over 25 ft (7.6 m) and a maximum of 10 ft 
(3.1 m) between the top of storage and the roof/ceiling, in- 
rack sprinklers shall be installed as indicated in Figure 
12.3.5.4.1.3(a) through Figure 12.3.5.4.1.3(f). 



Table 12.3.5.1.3 Hose Stream Demand and Water Supply Duration Requirements for Rack 
Storage of Plastics Commodities Stored Above 25 ft (7.6 m) in Height 



Commodity 



Storage Height 



Inside Hose 



Total Combined Inside and 
Outside Hose 



Duration 



Classification 


ft 


m 


gpm 


L/min 


gpm 


L/min 


(minutes) 


Plastic 


>25 


>7.6 


0, 50, 100 


0, 190, 380 


500 


1900 


120 
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Table 12.3.5.3.1 ESFR Protection of Rack Storage without Solid Shelves of Plastics Commodities 
Stored Over 25 ft (7.6 m) in Height 



Storage 
Arrangement 



Commodity 



Maximum 
Storage Height 



Maximum 

Ceiling/ Roof 

Height 



ft 



Nominal 
K-Factor 



Orientation 



Minimum 
Operating 
Pressure 



P S1 



bar 



In-Rack 

Sprinkler 

Requirements 



Hose Stream 
Demand 



gpm L/min 



Water 

Supply 

Duration 

(hours) 



Cartoned 
uri expanded 



Single-row, 
Double-row 
and 

Multiple-row 
Rack (No 
open-lop 
containers) 



Exposed 
vmexpanded 



14.0 



Upright, or 
pendent 



5.2 



16.8 



Pendent 



52 



3.6 



25.2 



Pendent 



20 



Pendent 



30 



9.1 



40 



12.2 



16.8 



Pendent. 



Pendent 



14.0 



Pendent 



90 



13.7 



1.6.8 



Pendent 



63 



25.2 



Pendent. 



Pendent 



12.2 



16.8 



Pendent 



25.2 



Pendent 



25 



10.7 
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Pendent 



90 



45 



13.7 
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Pendent 



Pendent 



40 



4:0 
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63 
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Pendent 



40 
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75 
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14.0 
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75 
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13.7 
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63 
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16.8 



Pendent 



52 



35 



10.7 



14.0 



Pendent 
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13.7 



16.8 
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63 



14.0 



Pendent 



90 



40 



12.2 



45 



13.7 



16i 



Pendent 



63 



1.4 



3.6 



4.3 



3.6 



1.7 



6.2 



2.8 



6.2 



5.2 



3.6 



3.6 



4.3 



5.2 



3.6 



6.2 



4.3 



4.3 



No 



No 



No 
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No 
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Note: Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m to 1 .53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one load or as many as six or seven loads between in-rack sprinklers that 
are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.5.4.1.3(a) In-Rack Sprinkler Arrangement, Cartoned Plastic and Uncartoned 
Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 1 
(10 ft Maximum Spacing), 
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Elevation View 

Note: Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m to 1 .53 m) on 
a side. Actual load heights can vary from approximately 18 in. (0.46 m) up to 10 ft (3.05 m). 
Therefore, there could be as few as one load or as many as six or seven loads between 
in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.5.4.1.3(b) In-Rack Sprinkler Arrangement, Cartoned Plastic and Uncartoned 
Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 2 
(10 ft Maximum Spacing). 
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Note: Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m to 1 .53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as one load or as many as six or seven loads between in-rack sprinklers that 
are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.5.4.1.3(c) In-Rack Sprinkler Arrangement, Cartoned Plastic and Uncartoned 
Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 1 
(5 ft Maximum Spacing). 
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Note: Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m to 1 .53 m) 
on a side. Actual load heights can vary from approximately 18 in. (0.46 m) up to 10 ft 
(3.05 m). Therefore, there could be as few as one load or as many as six or seven 
loads between in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 1 2.3.5.4. 1 .3 (d) In-Rack Sprinkler Arrangement, Cartoned Plastic and Uncartoned 
Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 2 
(5 ft Maximum Spacing). 
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Elevation View 

Note: Each square represents a storage cube measuring 4 ft to 5 ft 
(1 .22 m to 1 .53 m) on a side. Actual load heights can vary from 
approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there 
could be as few as one load or as many as six or seven loads between 
in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.5.4.1.3(e) In-Rack Sprinkler Arrangement, 
Cartoned Plastic and Uncartoned Unexpanded Plastic, 
Multiple-Row Racks, Storage Height Over 25 ft (7.6 m) — 
Option 3 (5 ft Maximum Spacing). 
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Elevation View 

Note: Each square represents a storage cube measuring 4 ft to 5 ft 
(1 .22 m to 1 .53 m) on a side. Actual load heights can vary from 
approximately 18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there 
could be as few as one load or as many as six or seven loads between 
in-rack sprinklers that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.5.4.1.3(f) In-Rack Sprinkler Arrangement, Car- 
toned Plastic and Uncartoned Unexpanded Plastic, Multiple- 
Row Racks, Storage Height Over 25 ft (7.6 m) — Option 4 
(5 ft Maximum Spacing). 
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12.3.5.4.1.4 In single-row and double-row racks without solid 
shelves with storage height over 25 ft (7.6 m) with aisles 
greater than 4 ft (1.2 m), in-rack sprinklers shall be located in 
accordance with Figure 12.3.5.4.1.4 and the ceiling sprinklers 
shall be designed for 0.45 gpm/fr over a minimum design 
area of 2000 ft 2 . 



24 ft 



(7.31 m) 

nnnnnn 



t 

15ft £4 ft (1.22 m) _ 

(4.57 m) | J | J || |j | J || I \v/2 ft (1 .06 m) 

J_j/nn*nnnn 



6 in. (152 mm) —J 
Sprinklers 




7 1 / 2 in. 
(190 mm) 



3 1 /2 ft 

(1.06 m) 



Plan View 



6ft 
(1.83 m) 



54 ft 

(16.46 m) 



HI DC 



zn 



CDC 



on 



DP 



on 



DC 



nzn 



ncn 



EI 



m 



numc 



on 



nd 



- Ceiling 
- Rack uprights 



j[4 ft (1.22 m) 

Pallet loads 

Pallets 



r- 6 in. (152 mm) 
z^: Deflector to 
f top of load 



j— 12 in. 
-^ (305 mm) 

T 



■ Floor 



Elevation View 

Notes: 

1 . Sprinklers in alternate tiers at every transverse flue space. 

2. Each square represents a storage cube measuring 4 ft to 5 ft (1 .22 m 
to 1 .53 m) on a side. Actual load heights can vary from approximately 
18 in. (0.46 m) up to 10 ft (3.05 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.05 m) apart vertically. 

FIGURE 12.3.5.4.1.4 In-Rack Sprinkler Arrangement, Car- 
toned Expanded and Unexpanded Plastic and Uncartoned 
Unexpanded Plastic Commodities, Single- and Double-Row 
Racks, Storage Height Over 25 ft (7.6 m). 



12.3.5.4.2 In-Rack Sprinkler Spacing for Rack Storage of 
Plastics Commodities Stored Over 25 ft (7.6 m) in Height. 

12.3.5.4.2.1 In-rack sprinklers for storage higher than 25 ft 
(7.6 m) in double-row racks shall be spaced horizontally and shall 
be located in the horizontal space nearest the vertical intervals 
speci fied in Figure 12.8.5.1.2(a) or Fi gure 12.3.5.1.2(b). 

12.3.5.4.2.2 The minimum of 6-in. (152.4-mm) vertical clear- 
space shall be maintained between the sprinkler deflectors 
and the top of a tier of storage. 



12.3.5.4.3 In-Rack Sprinkler Water Demand for Rack Storage 
of Plastics Commodities Stored Over 25 ft (7.6 m) in Height. 

The water demand for sprinklers installed in racks shall be 
based o n sim u 1 1 a n e ous ope rati o n o f th e m os t h yd ran 1 ical 1 y re- 
mo te sprinklers as follows: 

( 1 ) Ei gh t s p r inkle rs wh e re o n 1 y o n e leve i is ins tal 1 ed i n racks 

(2) Fourteen sprinklers (seven on each top two levels) where 
more than one level is installed in racks 

12.3.5.4.4 In-Rack Sprinkler Discharge Pressure for Rack 
Storage of Plastics Commodities Stored Over 25 ft (7.6 m) in 
Height. Sprinklers in racks shall discharge at not less than 
30gpm (113.6 L/min). 

12.4 Protection of Rubber Tire Storage. 

12.4.1 General. The sprinkler system criteria of Section 1.2.4 
shall apply to buildings with ceiling slopes not exceeding 2 in 12 
(16.7 percent). 

12.4.1.1 Columns within Rubber Tire Storage. 

12.4.1.1.1 Wh ere fi re p roofi n g is n o t p ro vi de d , s tee 1 col u mn s 
shall be protected as follows: 

(1) Storage exceeding 15 ft through 20 ft (4.6 m through 
6 m) in height — one sidewall sprinkler directed to one 
sid e of th e c o 1 u m n a t a 1 5-f t ( 4 . 6-m ) 1 eve 1 

(2) Storage exceeding 20 ft (6.1 m) in height — two sidewall 
sprinklers, one at the top of the column and the other at a 
1 5-f t (4. 6-m) level, both directed to the side of the column 

12.4.1.1.2 The flow from a column sprinkler(s) shall be 
permitted to be omitted from the sprinkler system hydrau- 
lic calculations. 

12.4.1.2 The protection specified in 12.3.1.7, 12.4.1.1.1(1), 
and 12.4.1.1.1(2) s h al 1 n o t be req u i re d wh e re s to rage i n 11 x e d 
racks is protected by in-rack sprinklers. 

12.4.1.3 The protection specified in 12.4.1.1.1 shall not be 
required where ESFR or large drop sprinkler systems that are 
approved for rubber tire storage are installed. 

12.4.1.4 The rate of wa te r s u p p ly s h a 1 1 be s u 111 c i e n t; to p rovid e 
the required sprinkler discharge density over the required 
area of application plus provision for generation of high- 
ex pan s i o n foam and i n - r a c k s p r i n k 1 c rs w h e re u s e d . 

12.4.1.5 Total water supplies shall be in accordance with the 
following options: 

( 1 ) A m in i m u m o f n o t 1 ess th a n 750 gp m (28 3 5 L/ m i n ) fo r 
hose streams in addition to that required for automatic 
sprinklers and foam systems. Water supplies shall be ca- 
pa bl e of supplyi n g th e de m a nd fo r s pr i n k 1 e r syste ms and 
hose streams for not less than 3 hours. 

( 2 ) Fo r o n-fl o o r s to rage u p to and i n cl u d i n g 5 ft (1.5 m ) in 
height, hose stream requirements shall be permitted to 
be 25 gp m ( 9 46 L/ in i n ) wi th a wa te r s u p ply d u rati o n o f 
not less than 2 hours. 

(3) For ESFR and large drop sprinkler systems approved for 
rubber tire storage, duration and hose demand shall be in 
accordance with Table 12.4.2(c) and Table 12.4.2(d). 

12.4.1.6 Miscellaneous Tire Storage. Miscellaneous tire stor- 
age s h al 1 be p ro te c te d i n ac co rd a n ce w i th 1 2.1. 1 . 

12.4.2* Ceiling Systems. Sprinkler discharge and area of appli- 
cation shall be in accordance with Table 12.4.2(a) and Table 
12.4.2(b) fo r s tan da rd sp ray s p r i n k .1 e is . La i ge d ro pan d ESFR 
sprinklers shall be in accordance with Table 12.4.2(c) and 
Table 12.4.2(d), respec ti ve 1 y. 
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Table 12.4.2(a) Protection Criteria for Rubber Tire Storage Using Control Mode Density-Area Sprinklers 



Areas of Application (ft 2 ) 

(see Note I) 



Piling Method 



Piling Height (ft) 



Sprinkler Discharge Density 
(gpm/ft 2 ) 

(see Note 1) 



Ordinary 
Temperature 



High 
Temperature 

(sea Note I) 



( 1 ) O n - fl o o r s to i 'a ge U p to 5 

(a) Pyramid piles, on-side Over 5 to 12 

(b) Other arrangements such that no Over 1 2 to 18 
horizontal channels are formed (see 

Note 2) 



0.19 



2000 



0.30 



2500 



0.60 



Not: allowed 



2000 



2500 



2500 



(2) On- floor storage 
Tires on-tread 



U p to 5 






0.19 


2000 


2000 


Over 5 to 12 






0.30 


2500 


2500 


Up to 5 






0.19 


2000 


2000 


Over 5 to 20 


See : 


"able 


12.4.2(b) 


— 


~~ 



( 3 ) P a 1 lei i / e d p o r t a 1:> I e i a c k s to rage 
On -side or on-tread 



Over 20 to 30 



0.30 plus high-expansion 
foam 



3000 



3000 



(4) Palletized portable rack storage On-side Up to 5 



0.19 



2000 



Over 5 to 20 



See Table 12.4.2(b) 



20 to 25 



0.60 and Not; allowed 

0.90 (see Note 3) or Not; allowed 

. 7 5 with 1 - h o i.i r lh e- r e s i s t . i ve N < > t a 1 1 owed 

rati n g o I i 'o o f a n (. 1 ceiling 

assembly 



2000 



5000 
3000 
4000 



(5) Open portable rack storage, on-side o: 
on-tread 



Up to 5 



0.19 



2000 



Over 5 to .12 



0.60 



5000 



Over 12 to 20 



0.60 and 

0.90 (sea Note 3) ot: 

.30 plus hi g h -e x p a n s i o 1 1 

foam 



Not; allowed 

Not allowed 

3000 



2000 



3000 



5000 
3000 
3000 



(6) Single-, double-, and multiple-row fixed 
rack storage on pallets, on-side or 
on-tread 



Up to 5 



0.1.9 



2000 



Over 5 to 20 



See Table 12.4.2(b) or 0.40 
plus one level in-rack 
sprinklers or 

. 3 p his lii g h -e x p a n s i o n 
foam 



3000 



3000 



Over 20 to 30 



0.30 plus high-expansion 
foam 



Not allowed 



2000 



3000 



3000 



3000 



(7) Single-, double-, and multiple- row fixed 
i a c k s to r ;■ i ge w i th o u t pallets o r s h e 3 ve s , 
on-side or on-t.i cad 



Up to 5 



0.1.9 



2000 



Over 5 to 12 



0.00 



5000 



Over 12 to 20 



0.60 and Not allowed 

0.90 (see Note 3) ov Not allowed 

. 40 p i us one 1 eve 1 i n-ra c k 3000 

sprinklers or 

0.30 plus high-expansion 3000 

foam 



Over 20 to 30 



. 3 plus h i g 1 1 -e x p a n s i o n 
foam 



Not allowed 



2000 



3000 



5000 
3000 
3000 

3000 



3000 



For Sf units, I It; - 0.3048 in: .1 i.r = 0.0929 nr; 1 gpm/fr = 40.746 mm/rnin. 
Notes: 

1 . Sprinkler d i sc h a rge de n s i ti es a n d a reas o f a p p 1 i ca ti o n a re based o n a i n ax i rn 1 1 m c 1 ea ra n ce of 1 ft: ( 3 . .1 i n ) 
be twee n s p r i n k 1 e i (1 e fl e c to rs a n d th e t n ax i m u m a va i I a b 1 e h e i gh t o f s to rage . The m ax i m u m cl e ara n c e i s n o ted 
from actual testing and is not a definitive measurement. 

2. Laced (ires on-iloor, vertical stacking on-side (typical truck tires), and off-road tires. Laced tires are not 
stored to a s i g n i f U: a i i 1 1 1 e i g h t by th i s m e th o d d u e to the d am a ge i n fl i c te d o n th e ti re ( i . e . , be a d ) . 

3. Water supply shall fulfill both requirements. 
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Table 12.4.2(b) Control Mode Density-Area Sprinklers System Density for Palletized Portable 
Rack Storage and Fixed Rack Storage of Rubber Tires with Pallets, Over 5 ft to 20 ft in Height 



Sprinkler Temperature 



Storage Height 



High Temperature 



Ordinary Temperature 



>5 ft to 10 ft 
>10fttol2ft 
>12fttol4ft 
>14ftto 16 ft 
>16ftto 18 ft 
>18ftto20ft 



0.32/2000 
0.39/2000 
0.45/2000 
0.5/2300 
0.55/2600 
0.6/3000 



0.32/2000 
0.39/2600 
0.45/3200 
0.5/3700 
0.55/4400 
0.6/5000 



Table 12.4.2(c) Large Drop Sprinklers and Specific Application Control Mode Sprinkler 
Protection for Rubber Tires (see Note 1) 



Piling Method 



Pile Height 



Number of Sprinklers and 
Minimum Operating 
Pressures (see Note 2) 



Maximum Building Duration Hose 

Height (hr) Demand 



Rubber tire storage, on-side 
or on-tread, in palletized 
portable racks, or open 
portable racks, or fixed 
racks without solid 
shelves 



Up to 25 ft (7.6 m) 



15 sprinklers at 75 psi (5.2 
bar) (see Note 3) 



32 ft (9.8 m) 



3 



500 gpm 

(1893 
L/min) 



Notes: 

1. Wet systems only. 

2. Sprinkler operating pressures and number of sprinklers in the design are based on tests in which the 
clearance was 5 ft to 7 ft (1 .5 m to 2.1 m) between the sprinkler deflector and the maximum height 

of storage. 

3. The design area shall consist of the most hydraulically demanding area of 15 sprinklers, consisting of five 
s p r i n k 1 e rs o n e ac h o f th re ebranchlines.T h e d e si g n s h all i n c 1 u d e a m i n i m u m o p e r a ti n g a re a o f 1 2 f t y 
(112 ar) and a maximum operating area of 1500 ft 2 (139 m~) and shall utilize a high temperature-rated 
sprinkler. 
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Table 12.4.2(d) Early Suppression Fast-Response (ESFR) Sprinklers for Protection of Rubber Tires (see Note I) 





Pile Height 


Maximum 

Building 
Height 


Nominal 
K-factor 


Orientation 


Number of 
Sprinklers 

(see Note 2) 


Minimum 
Operating 
Pressure 

(see Note 2) 


Duration 
(hours) 


Hose Demand 


Piling Method 


ft 


m 


psi 


bar 


gpm 


L/min 


Rubber tire storage, 
on-side oron-tread, in 
palletized portable 
racks, open portable 


Up to 25 ft 

(7.6 m) 


30 


9.1 


14.0 


Upright or 
pendent 


12 

(see Note 3) 


50 


3.5 


1 


250 


946 


16.8 


Pendent 


12 

(see Note 3) 


35 


2.4 


1 


250 


946 


racks, or fixed racks 
wi tli o tits o lid s h e 1 ve s 


25.2 


Pendent 


12 

(see Note 3) 


15 


1.0 


1 


250 


946 


Rub be r t i re s to rage , 
on-side, in palletized 
portable racks, open 
portable racks, or fixed 


Up to 

25 ft (7.6m) 


35 


10.7 


14.0 


Upright or 
pendent 


12 

(see Note 3) 


75 


5.2 


1 


250 


946 


16.8 


Pendent 


12 

(see Note 3) 


52 


3.6 


1 


250 


946 


racks without; solid 
shelves 


25.2 


Pendent 


12 

(see Note 3) 


25 


1.7 


1 


250 


946 


Laced tires in open 
portable steel racks 


Up to 
25ft(7.6m) 


30 


9.1 


14.0 


Pendent 


20 

(see Notes 4 
and 3) 


75 


5.2 


3 


500 


1892 


Rubber tire storage, 
on-side, in palletized 
portable racks 


Up to 

25(t(7.6m) 


40 


12.2 


14.0 


Pendent 


12 


75 


5.2 


1 


250 


946 



Notes: 

1. Wet systems only. 

2. Sprinkler operating pressures and number of sprinklers in the design are based on tests in which the 
clearance was 5 ft to 7 ft (1.5 m to 2.1 m) between the sprinkler deflector and the maximum height of 
storage. 

3 . T h e s h a p e of 1 1 i e d es i g n area s h a 1 1 be i n a cc o rda n c e w i th 1 2 . 2 . 2 . 3 . 3 an d 1 2 . 2 . 2 . 3 . 4 . 

4. Where used in this application, ESFR protection is expected to control rather than to suppress the fire. 

5. The design area shall consist of the most hydraulically demanding area of 20 sprinklers, consisting of five 
sprinklers on each of four branch lines. The design shall include a minimum operating area of 1600 fr 
(149m-). 
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12.4.3 In-Rack Sprinkler System Requirements for Protection 
of Rubber Tires. 

12.4.3.1 1 n-rack s p r i n k 1 e rs , whe re p rovi d e d , s h al 1 be i nstal 1 e d 
in accordance with Section 12.3, except as modified by 

12.4.3.2 through 12.4.3.4. 

12.4.3.2 The maximum horizontal spacing of sprinklers in 
rack shall be 8 ft (2.4 m). 

12.4.3.3 Water demand for sprinklers installed in racks shall 
be base d o n s i n i ul tan e o us o p e rati o n of th e m ost hyd ra ul ical ly 
re m o te 12 spri n k 1 e rs wh e re o n ly o n e 1 eve 1 is in s tal 1 ed i n racks . 

12.4.3.4 Sprinklers in racks shall discharge at not less than 
30psi (2.1 bar). 

12-4.4 Where high-expansion foam systems are installed in 
accordance with NFPA 11 A, Standard for Medium- and High- 
Expansion Foam Systems, a reduction in sprinkler discharge 
density to one-half the density specified in Table 12.4.2(a) 
or 0.24 gpm/ft 2 (9.78 mm/min), whichever is higher, shall 
be permitted. 

12.5 Protection of Baled Cotton Storage. 

12.5.1 General. 

12.5.1.1 The total water supply available shall be sufficient to 
provide the recommended sprinkler discharge density over 
the area to be protected, plus a minimum of 500 gpm 
( 1 89 3 L/ m i n ) for h ose stream s . 

12.5.1.2 Water supplies shall be capable of supplying the 
total demand for sprinklers and hose streams for not less 
than 2 hours. 

12.5.2 Control Mode Density-Area Sprinkler Protection Crite- 
ria for Baled Cotton Storage. 

12.5.2.1 For tiered or rack storage up to a nominal 15 ft 
(4.6 m) in height, sprinkler discharge densities and areas of 
application shall be in accordance with Table 12.5.2.1. 



Table 12.5.2.1 Baled Cotton Storage Up to and 
Including 15 ft (4.6 m) 





Baled Cotton Storage Up to 
and Including 1 5 ft 


System Type 


Tiered 

Storage Rack Storage 


Untiered 

Storage 


Wet 
Dry 


0.25/3000 0.33/3000 
0.25/3900 0.33/3900 


0.15/3000 
0.15/3900 



12.5.2.2 Where roof or ceiling heights would prohibit storage 
above a nominal 10 ft (3.1 m), the sprinkler discharge density 
shall be permitted to be reduced by 20 percent of that indi- 
cated in Table 12.5.2.1 but shall not be reduced to less than 
. 1 5 gpm / ft 2 (6.1 m m / m i n ) . 

12.6* Protection of Roll Paper Storage. 

12.6.1 General. 

12.6.1.1 The water supply system for automatic fire protec- 
tion systems shall be designed for a minimum duration of 
2 hours. 



12.6.1.1.1 For ESFR sprinklers, the water supply duration 
shall be 1 hour. 

12.6.1.2 At least 500 gpm (1893 L/min) shall be added to the 
sprinkler demand for large and small hose stream demand. 

12.6.1.2.1 For ESFR sprinklers, the hose stream allowance 
shall be for 250 gpm (947 L/min). 

12.6.1.3 The wa te r su p pi y d es ig n sh al 1 i n c 1 it d e th e d e m an d o f 
the automatic sprinkler system plus the hose stream demand 
plus , wh e re p rovided , th e h i gh -e xpa n s i o n foa m sys te m . 

12.6.1.4 We t p i p e sy s te m s s h a 1 1 be u s e d in t i s s u e s to r a ge a re as . 

12.6.1.5 Ho ri zon tal s to rage of he avy we i gh t o r m ed i u m we i gh t; 
paper shall be protected as a closed array. 

12.6.1.6 Medium weight paper shall be permitted to be pro- 
tected as heavyweight paper where wrapped completely on the 
s i d es and bo th e n d s , o r wh e re w ra p pe d o n th e s i d es o n 1 y wi th 
s te el bands. Wrap p i n g m ate r i al sh al 1 be e i th e r a s i n gl e 1 aye r o f 
heavyweight paper with a basis weight of 40 lb (18.1 kg) or two 
layers of heavyweight paper with a basis weight of less than 
40 lb (18.1 kg). 

12.6.1.7 Ligh twe i gii t pa pe r o r ti ss u e pa per sh al 1 be pe r m i tie d 
to be protected as mediumweight paper where wrapped com- 
pletely on the sides and both ends, or where wrapped on the 
s i d e s o n ly w i th s te e 1 b a n d s . W r a p p i n g m a te r i a 1 s 1 1 a 1 1 b e e i th e i " a 
single layer of heavyweight paper with a basis weight of 40 lb 
(18.1 kg) or two layers of heavyweight paper with a basis 
weight of less than 40 lb ( 1 8. 1 kg) . 

12.6.1.8 For purposes of sprinkler system design criteria, 
li gh twe ight cl ass pape r s h al 1 be p ro tec ted as ti ss u e . 

12.6.2* Protection Criteria for the Protection of Roll Paper 
Storage. 

12.6.2.1 Control Mode Density- Area Sprinkler Protection Cri- 
teria for the Protection of Roll Paper Storage. 

12.6.2.1.1 S to rage of h e avy we ight or m e d i u m we ight c 1 asses 
of rolled paper up to 10 ft (3.1 m) in height shall be protected 
by sprinklers designed for ordinary hazard Group 2 densities. 

12.6.2.1.2 Storage o f ti ssue a n d 1 i gh twe i gh t classes of pape r 
u p to 1 ft (3.1 m ) in h e i gh t sh a 1 1 be p ro tec ted by s p r i n k 1 e rs i n 
acco rd an ce wi th extra hazard G rou p 1 d e n s i ti es . 

12.6.2.1.3 S p r i n kl e r d es i g n c r i te ri a lb r s to ra ge o 1: ro 1 1 pape r 
1 ft (3.1 m ) h i gh a n d h i gh e r in bu i 1 d i n gs o r s tn i c tu res w i th 
roof or ceilings up to 30 ft (9.1 m) shall be in accordance with 
Table 12.6.2.1.3(a) and Table 12.6.2.1.3(b). 

12.6.2.1.4* High-temperature sprinklers shall be used for in- 
stallations protecting roll paper stored 15 ft (4.6 m) or higher. 

12.6.2.1.5 The p ro tec ti o n are a pe r s p ri n kl e r s h a 1 1 n o t exce ed 
100 ft 2 (9.3 m 2 ) or be less than 70 (r (6.5 m"). 

12.6.2.1.6 Where high-expansion foam systems are installed 
in heavyweight class and mediumweight class storage areas, 
sprinkler discharge design densities can be reduced to not less 
than . 2 4 gp m / ft 2 (9.8 mm/mi n ) w i th a m i n i m u in o pe ra ti n g 
area of 2000 fr (186 m 2 ). 

12.6.2.1.7 Where high-expansion foam systems are installed 
in tissue storage areas, sprinkler discharge densities and areas 
of appl icatio n sh all n o t be re d u ce d be 1 ow th ose p rovi d e d i n 
Table 12.6.2.1.3(a) and Table 12.6.2.1.3(b). 
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Table 12.6.2.1.3(a) Control Mode Density-Area Sprinkler Protection Criteria for the Protection of Roll Paper Storage 
Buildings or Structures with Roof or Ceilings Up to 30 ft (Discharge Densities are gpm/ft 2 over ft 2 ) 



for 





Clearance 

(ft) 


Heavyweight 


Mediumweight 




Storage 


Closed 

Array 

Banded or 

Unhanded 


Standard Array 


Open Array 


Closed 

Array 

Banded or 

Unhanded 


Standard Array 


Open 

Array 

Banded or 

Unhanded 


Tissue 


Height 

(ft) 


Banded 


Unhanded 


Banded 


Unhanded 


Banded 


Unhanded 


All Storage 
Array 


10 


<5 


0.3/2000 


0.3/2000 


0.3/2000 


0.3/2000 


0.3/2000 


0.3/2000 


0.3/2000 


0.3/2000 


0.3/2000 


0.45/2000 


10 


>5 


0.3/2000 


0.3/2000 


0.3/2000 


0.3/2000 


0.3/2000 


0.3/2000 


0.3/2000 


0.3/2000 


0.3/2000 


0.45/2500 


15 


<5 


0.3/2000 


0.3/2000 


0.3/2000 


0.3/2500 


0.3/3000 


0.3/2000 


0.3/2000 


0.45/2500 


0.45/2500 


0.60/2000 


15 


>5 


0.3/2000 


0.3/2000 


0.3/2000 


0.3/3000 


0.3/3500 


0.3/2000 


0.3/2500 


0.45/3000 


0.45/3000 


0.60/3000 


20 


<5 


0.3/2000 


0.3/2000 


0.3/2500 


0.45/3000 


0.45/3500 


0.3/2000 


0.45/2500 


0.6/2500 


0.6/2500 


0.75/2500 


20 


>5 


0.3/2000 


0.3/2500 


0.3/3000 


0.45/3500 


0.45/4000 


0.3/2500 


0.45/3000 


0.6/3000 


0.6/3000 


0.75/3000 


25 


<5 


0.45/2500 


0.45/3000 


0.45/3500 


0.6/2500 


0.6/3000 


0.45/3000 


0.6/3000 


0.75/2500 


0.75/2500 


see Note J 



Notes: 

L Sprinkler 

2. Densities 



protection requirements for tissue stored above 20 ft have not been determined. 

or a re ; i s . o rb o t . h , shall be p e rm i tie d to be i n te r p o 1 a te d be twe e n a n y 5-f t s t o ra ge h e i gh t : 



Table 12.6.2.1.3(b) Control Mode Density-Area Sprinkler Protection Criteria for the Protection of Roll Paper Storage for 
Buildings or Structures with Roof or Ceilings Up to 9.1 m (Discharge Densities are mm/min over m 2 ) 





Clearance 
(m) 


Heavyweight 


Mediumweight 




Storage 


Closed 

Array 

Banded or 

Unhanded 


Standard Array 


Open Array 


Closed 

Array 

Banded or 

Unhanded 


Standard Array 


Open 

Array 

Banded or 

Unhanded 


Tissue 


Height 

(m) 


Banded 


Unhanded 


Banded 


Unhanded 


Banded 


Unhanded 


All Storage 
Arrays 


3.1 


<1.5 


12.2/1 85. S 


12.2/185.8 


.12.2/185.8 


12.2/185.8 


12.2/185.8 


12.2/185.8 


12.2/185.8 


12.2/185.8 


12.2/185.8 


18.3/185.8 


3.1 


>1.5 


.12.2/185.8 


12.2/185.8 


.12.2/185.8 


12.2/185.8 


12.2/185.8 


12.2/185.8 


12.2/185.8 


12.2/185.8 


12.2/185.8 


18.3/232.3 


4.6 


<l.5 


.12.2/185.8 


.12.2/185.8 


12.2/185.8 


12.2/232.3 


12.2/278.7 


12.2/185.8 


12.2/185.8 


18.3/232.3 


18.3/232.3 


24.5/185.8 


4.6 


> .1 .5 


.1.2.2/185.8 


12.2/185.8 


12.2/185.8 


.12.2/278.7 


12.2/322.2 


12.2/185.8 


12.2/232.3 


18.3/278.7 


J 8.3/278.7 


24.5/278.7 


6. 1 


<l.5 


.12.2/1.85.8 


12.2/185.8 


12.2/232.3 


18.3/278.7 


18.3/325.2 


.12.2/185.8 


18.3/232.3 


24.5/232.3 


24.5/232.3 


30.6/232.3 


6.1 


> .1 .5 


12.2/185.8 


12.2/232.3 


12.2/278.7 


18.3/325.2 


18.3/371.6 


12.2/232.3 


18.3/278.7 


24.5/278.7 


24.5/278.7 


30.6/278.7 


7.6 


<l.5 


18.3/232.3 


.1.8.3/278.7 


18.3/325.2 


24.5/232.3 


24.5/278.7 


.18.3/278.7 


24.5/278.7 


30.6/232.3 


30.6/232.3 


sea Note, 1 



Notes: 

1 . S | > i i 1 1 k 1 e i ■ p r o I e c i i c > n r e c j u i r e 1 1 ie i i ts lb r tissu e s to red a bo ve 6 . 1 m h a ve n o t b e e n d e te rm i n e d . 

2. Densities or areas, or both, shall be permitted to be interpolated between any .1 .5-m storage height increment. 



12.6.2.2 Large Drop Sprinklers and Specific Application Con- 
trol Mode Sprinklers for the Protection of Roll Paper Storage. 

W 1 1 e re a u to m a 1 i c s p ri n k 1 e r sys te m p ro tee t i o n u ti 1 i zes 1 a rge 
drop sprinklers, hydraulic design criteria shall be as specified 
in Table 12.6.2.2. Design discharge pressure shall be 50 psi 
(3.4 bar). The number oi sprinklers to be calculated is indi- 
cated based on storage height, clearance, and system type. 

12.6.2.3 Early Suppression Fast-Response (ESFR) Sprinklers 
for the Protection of Roll Paper Storage. Where automatic 
sp ri n k I e r sys te in protect i o n uti 1 i zes ESFR spri n Id e is, hydrau I i c 
design criteria shall be as specif ted in Table 12.6.2.3. Design 
d i sc h a rge p re ss 1 1 re s h al 1 be a p p I i e d to 1 2 ope rati n g sp r i n kl e rs . 

12.7 Special Designs. 

12.7.1* Plastic Motor Vehicle Components. Plastic automotive 
components and associated packaging material shall be per- 
mitted to be protected in accordance with Table 12.7.1. 



12.7.2* Sprinkler Design Criteria for Storage and Display of 
Class I through Class IV Commodities, Cartoned Non- 
Expanded Group A Plastics, and Non-Expanded Exposed 
Group A Plastics in Retail Stores. 

12.7.2.1 A wet pipe system designed to meet two separate 
design points — 0.6 gpm/ir density over 2000 ft" and 0.7 
gpm/ft" density for the four hyclraulically most demanding 
s p ri n k 1 e rs — sh a 1 1 be perm i tte d to p ro te c t s i n gle- a n d cl o u ble- 
row slatted shelf racks when the following conditions are met: 

( 1 ) An ex te n dec! cove rage sp ri n kl e r w i th a n om i n a 1 K-fac tor 
of 25.2 listed for storage occupancies shall be provided. 

(2) Shelves shall be slatted using a 2-in. thick by maximum 
6-in. wide slat held in place by spacers that maintain a 
minimum 2-in. opening between each slat. 

(3) There shall be no slatted shelf levels in the rack above 
nominal 12-ft level. Wire mesh (greater than 50 percent 
op e tt i n g ) s h all b e p e r m i tte d f o r s h e 1 f 1 eve 1 s a b ove 1 2 ft . 
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Table 12.6.2.2 Large Drop Sprinklers for the Protection of Roll Paper Storage (Number of Sprinklers to be Calculated) 











Syslem 
Type 


Heavyweight 


Mediumweight 




Storage 
Height 


Clearance 


Closed 
Array 


Standard Array 


Open Array 


Closed 
Array 


Standard Array 


Open Array 


Tissue 
All 


ft 


m 


ft 


m 


Banded or 
Unhanded 


Banded 


Unhanded 


Banded 


Unhanded 


Banded or 
Unhanded 


Banded 


Unhanded 


Banded 


Unhanded 


Storage 
Arrays 


20 
20 
26 
26 


6.1 

6.1 

7.9 
7.9 


<10 
<10 
<34 
<34 


<3.1 
<3 1 
<10.4 

<10.4 


vv 

D 
VV 
D 


15 

25 
15 

NA 


1.5 
25 
15 

NA 


15 

25 
15 

NA 


15 

NA 
15 

NA 


NA 
NA 
NA 
NA 


15 

25 

NA 
NA 


15 

25 

NA 
NA 


15 
25 
NA 
NA 


NA 
NA 
NA 
NA 


NA 
NA 
NA 
NA 


See Note 3 

NA 
NA 
NA 



Notes: 

1 . W = wet; D = dry; NA = not applicable. 

2 . For d c I i n i l;i o n o f s t.o rage 1 1 c i g 1 1 1 . , s c. e S .9.2. 

3. Twenty-five large: drop srpinklers © 75 psi (5.2 bar) Cor closed or standard array; ol.hcr arrays NA. 



Table 12.6.2.3 ESFR Sprinklers for the Protection of Roll Paper Storage (Maximum Height of Storage Permitted) 





Orientation 


System 
Type 










Heavyweight 


Mediumweiglit 




ESFR 
K-Factor 


Pressure 


Height 


Closed 


Standard 


Open 


Closed 


Standard 


Open 


Tissue 

All 
Arrays 


psi 


bar 


ft 


m 


ft 


m 


ft 


m 


ft 


in 


ft 


in 


ft 


in 


ft 


m 


1 1.2 


Upright 


Wet. 


50 


3.4 


25 


7.6 


20 


6.1 


20 


6. 1 


20 


0.1 


20 


6.1 


20 


6.1 


20 


6.1 


NA 


1 4.0 


Upright, or 
pendent 


Wet 


50 


3.4 


30 


9. 1 


25 


7.6 


25 


7.6 


25 


7.6 


25 


7.6 


25 


7.6) 


25 


7.6 


NA 


14.0 


Pendent. 


Wet 


75 


5.2 


40 


12.2 


30 


9.1 


30 


9.1 


30 


9.1 


NA 


NA 


NA 


NA 


25.2 


Pendent 


Wet 


15 


1 .0 


30 


9.1 


25 


7.6 


25 


7.6 


25 


7.6 


25 


7.6 


25 


7.6 


25 


7.6 


NA 


25.2 


Pendent 


Wet 


25 


1.7 


40 


12.2 


30 


9.1 


30 


9.1 


30 


9.1 


NA 


NA 


NA 


NA 


25.2 


Pendent 


Wet 


50 


3.4 


45 


1 3.7 


30 


9.1 


30 


9.1 


30 


9.1 


NA 


NA 


NA 


NA 



(4) Solid plywood shelving (314 ft x 8 ft 3 in.) shall be per- 
missible over the wood slats at the 5-ft level. 

(5) Perforated metal (open area of 40 percent or more) 
shall be permitted over the slatted shelves up to the 
60-in. level. 

( 6 ) O th e r th an wh at is all owed i n t:h i s sec ti o n , sol i d plywo od 
or similar materials shall not be placed on the slatted 
shelves. 

(7) Solid veneered parti el e board displays shall be permis- 
sible provided that all Hues are maintained and only one 
display is installed per bay. 

(8) Maximum roof height shall be 30 ft in the protected 
area. 

( 9 ) Max i m um s to rage h e i g h t sh al 1 be 2 2 ft. 



(10) Ai si e wi d th s sh al 1 be a m i n i mu m o f 8 ft. 

(11) Minimum tra ns v e i\s e 11 u e s p a c e s o 13 in. eve i y 10 ft h o.ri- 
zon tally shall be provided. 

( 1 2 ) Mini m u m 1 o n gi tu d i n a 1 11 u e s p aces of 6 in. s h al 1 be p ro- 
vided for double-row racks. 

(13) Storage in the aisle shall be permissible provided the 
aisle storage is no more than 4 ft high and a minimum 
clear aisle of 4 ft is maintained. 

12.7.2.2 A wet pipe system designed to meet two separate 
design points — 0.425 gpm/ft 2 density over 2000 ft" and 0.50 
gpm/ft 2 density for the four hydraulically most demanding 
sprinklers — shall be permitted in solid steel cantilever style 
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Table 1 2.7.1 K-25.2 ESFR Sprinkler Design Criteria for Portable Racks (Closed Array 1 ) 
without Solid Shelves Containing Automotive Components 













Number of 










Maximum 


Maximum 




Maximum 


Design Sprinklers 
by Minimum 


Maximum 
Deflector 








Storage 
Height 


Ceiling/Roof 
Height 


Type of 
System 


Sprinkler 
Spacing 2 


Operating 
Pressure 3 


Distance Below 
Ceiling 4 


Hose Stream 
Demand 


Water 

Supply 

Duration 

(hours) 


Commodity 


ft 


m 


ft 


m 


ft* 


m 2 


psi 


bar 


in. 


mm 


gpm 


L/min 


Aiu.onioi.ive 


25 


7.6 


35 


.10.7 


Wet 


.100 


9.3 


16 at 


1 6 at 


18 


457 


500 


1900 


2 


components 
















37 psi 


2.5 bar 












and associated 






























packaging 






























material 































'Portable rack array shall be tightly nested without any Hue spaces. 

" S p r i n k 1 c: i " s p a c i n g c an e x c e e d .1 ft" f 9 . 3 m ~ ) w h e re s p ri n k 1 e rs a re listed lb r 1 a rge r s p ac i n g . 

; *S ys lei 1 1 1 1 yd i 'a 1 1 1 i c c 1 c s i g n s h a 1 1 a I s o b e c a pa b 1 e of deli ve r i 1 1 g a d i s c h a rge d e n s i ty o f . 6 gp in / ft 2 o ve r r,h e in os I 

hydranlically remote 4000 ft 2 area. 

4 M ax i n n i m d e 1 1 e c t o r d i s ta n c e b e I o w ce i 1 i n g s h a 11 be p e r m i tte d to ex c e e d 18 in. " w h e re s p r i n k 1 e rs are 1 i s r.e d 

for greater distances. 



re ta i 1 s h el vi n g ra c ks ( gon do 1 a rac ks ) wh e n th e lb llowi n g co n- 
ditions are met: 

(.1) An extended coverage sprinkler with a nominal K-factor 
o f 2 5 . 2 I i s te d f b r s to r a ge o c c u p a n c i e s s h al lbeprovided. 

( 2 ) Th e s to rage h e i gh t s h al 1 n o t; e xce ed 1 2 ft. 

(3) The ceiling height shall not exceed 22 ft in the protected 
area. 

( 4 ) Go n d o 1 a ra c k s tr u c tu re s h a 1 1 n o t exceed 48 in. in aggre- 
ga te d e p th o r 78 i n . i n h e i gh t. 

( 5 ) A m i n i m u m a isle of 5 ft be t we e n s to rage shall be m ai n- 
tained. 

(6) Rack lengths shall be no more than 70 ft. 

12.7.2.3 A wet system designed to meet two separate design 
points — 0.425 gpm/fr density over 2000 ft" and 0.50 gpm /ft 2 
density .for the four hydranlically most demanding sprinklers — 
shall be permitted in solid steel cantilever-style retail shelving- 
racks (gondola racks) when the following conditions are met: 

( 1 ) An e x te n d ed c o ve rage s p r i n k 1 er wi th a nom in al K-f ac tor 
o f 25.2 1 is led for s to rage o c c u p an c i es s h a 1 1 be p rovided . 

( 2 ) S torage h e i gh t sh a 1 1 n o t exce e d 1 5 ft. 

( 3 ) Ce i I i n g h e i gh t s h al 1 n o t excee d 2 5 ft i n th e pro tec ted area . 

(4) Gondola rack structure shall not exceed 60 in. in aggre- 
gate depth or 8 ft in height. 

(5) A perforated metal deck at the 8-ft. level shall be permis- 
sible with storage placed on top with or without flue 
spaces to a maximum height from floor of 15 ft. 

( 6 ) Rac k 1 e n gtlis s h al 1 n o t exce e d 70 ft. 

(7) A minimum aisle space of 6 ft shall be provided. 

12.7.2.4 A wet pipe system designed to meet two separate 
design points — 0.45 gpm/frdensity over 2000 ft 2 and 
. 5 5 gp in / ft 2 d e n s i ty fo r th e f o u r h yd rati lically m os t de m a n d- 
i n g s p r i n kl e rs — s h al 1 be pe rm i tte d wi th o u t til e use of i n-rac k 
sp r i n kl e rs wh e n th e fo J 1 o wi n g a re m e t: 

( 1 ) An ex te n d e d cove rage s p ri n k 1 e r w i th a n o m i n a 1 K-facto r 
of 25.2 listed for storage occupancies shall be provided. 

( 2 ) S to rage h e i g h t s h all n o t exce ed 1 5 ft. 

( 3 ) Ce i 1 i n g h e i gh t. s h a 1 1 n ot. e xce ed 20 ft 6 i n . 

(4) Shelving structure shall not exceed 48-in. aggregate 
d e p tli o r 12 ft in h e i g h t. 



( 5 ) S helvi ng s h a 1 1 be pe rm i tte d to be m ad e of soli cl par del e- 
board. 

(6) A minimum aisle space of 3 ft shall be maintained. 

(7) Rack length shall be a maximum of 70 ft. 

12.7.2.5 A wet pipe system designed to meet two separate 
design points — 0.38 gpm/ft 2 density over 2000 ft" and 
0.45 gpm/ft 2 density for the four hydranlically most demand- 
ing sprinklers — shall be permitted without the use of in-rack 
sprinklers in steel retail sales floor shelving racks where the 
following are met: 

(1) An extended coverage sprinkler with a nominal K-factor 
of 2 5 . 2 1 isted fo r s to rage o cc u pan c i es s h al 1 be provi d e d . 

(2) Storage height shall not exceed 14 ft. 

( 3 ) Ce i 1 i n g h ei gh t s ha 1 1 no t ex ce e cl 2 ft. 

(4) Solid metal shelving shall be permissible up to the 72-in. 
level and wire shelving shall be permissible up to the 10-ft 
level. 

(5) The solid metal shelving shall not exceed 66 in. in ag- 
gregate depth with a 6-in. longitudinal flue between 
two 30-in. deep shelves. 

(6) A minimum aisle space of 5 ft shall be maintained. 

( 7 ) A m i n i m um 1 o n gi tud in al fl u e of 6 i n . s h al 1 be m ai n ta i n ed . 

(8) Rack length shall be a maximum of 70 ft. 

12.7.2.6 A we t p i pe sys tem cl es i g n ed to m e e t two separate 
design points — 0.49 gpm /ft 2 density over 2000 ft 2 and 
0.55 gpm/ft 2 density for the four hydranlically most demand- 
ing sprinklers — shall be permitted without the use of in-rack 
sprinklers in retail solid shelved steel rack structure when the 
following are met: 

(1) An extended coverage sprinkler with a nominal K-factor 
of 25.2 listed for storage occupancies shall be provided. 

( 2 ) Sto rage h eigh t shall n o t exc eed 1 6 . 5 ft . 

(3) Ceiling height shall not exceed 22 ft. 

( 4 ) Shelving stru c tu re sh al 1 n o t exce e d 5 1 i n . aggregate d ep th 
or 148 in. in height. 

( 5 ) Th e i n te i sec ti on of pe rp e n d icul a r s tee 1 rac ks s h al 1 be pe r- 
missible as long as no storage is placed within the void 
space at the junction of the racks. 

(6) The top shelf shall be wire mesh. 

(7) A minimum aisle width of 4 ft shall be maintained be- 
tween shelf units and other displays. 
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Chapter 13 Special Occupancy Requirements 

13.1 General. 

13.1.1 Application. 

13.1.1.1 In addition to the requirements of Chapters 8, 11, 
12, and 14, the following special occupancy requirements 
shall apply. 

13.1.1.2 Where the requirements of the reference standard 
differ from the requirements of this standard, the reference 
standard shall take precedence. 

13.1.2 Definitions. For terms not defined in Chapter 3, the 
definitions of the reference standard shall apply. 

13.2 Flammable and Combustible Liquids. 

13.2*1 Design Requirements. Sprinkler system discharge cri- 
teria for the protection of flammable and combustible liq- 
uids shall comply with NFPA 30, Flammable and Combustible 
Liquids Code. 

13.2.2 Installation Requirements. (Reserved) 

13.3 Aerosol Products. 

13.3.1 Design Requirements. Sprinkler system discharge cri- 
teria for the protection of aerosol products shall comply 
Avith NFPA 30B, Code for the Manufacture and, Storage of Aerosol 
Products, 

13.3.2 Installation Requirements. (Reserved) 

13.4 Spray Application Using Flammable and Combustible 
Materials. 

13.4.1 Design Requirements. 

13.4.1.1* Automatic sprinkler systems in spray areas and mix- 
ing areas shall be designed for Extra Hazard (Group 2) occu- 
pancies. [33:7.2,1] 

Exception: As provided for in 13.4.1.4. [33: 7.2.1] 

13.4.1.2 The automatic sprinkler system shall be a wet pipe 
system where practical Spray operations that require an open- 
head deluge system, a combination open- and closed-head au- 
tomatic sprinkler system, a foam-water sprinkler system, or any 
other type of extinguishing system (dry chemical or gaseous 
agent) shall be so protected, subject to the approval of the 
authority having jurisdiction. [33:7.2.2] 

1 3.4. 1 .3 Water supply for sprinklers shall be sufficient to supply 
all sprinklers likely to open in any one fire incident without de- 
pleting the available water for use in hose streams. Where sprin- 
klers are installed to protect spray areas and mixing rooms only, 
water shall be permitted to be furnished from the domestic sup- 
ply, subject to the approval of the authority having jurisdiction 
and provided the domestic supply can meet the design criteria 
for extra hazard, Group 2 occupancies. [33:7.2.3] 

13.4.1.4 Resin application areas shall be protected by an au- 
tomatic sprinkler system that is designed for at least Ordinary 
Hazard (Group 2) occupancies. [33:15.3] 

13.4.2 Installation Requirements. 

13,4.2.1* The sprinklers for each spray area and mixing room 
shall be controlled by a separate, accessible, listed indicating 
valve. Sprinkler systems in stacks or ducts shall be automatic 
and of a type not subject to freezing. [33:7.2.4] 



13.4.2.2 Sprinklers protecting spray areas and mixing rooms 
shall be protected against overspray residue so that they will 
operate quickly in event of fire. If covered, cellophane bags 
having a thickness of 0.003 in. (0.076 mm) or less, or thin 
paper bags shall be used. Coverings shall be replaced fre- 
quently so that heavy deposits of residue do not accumulate. 
Sprinklers that have been painted or coated, except by the 
sprinkler manufacturer, shall be replaced with new listed 
sprinklers having the same characteristics. [33:7.2.5] 

13.5 Solvent Extraction Plants. 
13.5.1* Design Requirements. 

13.5.2 Installation Requirements. (Reserved) 

13.6 Nitrate Film. 

13.6.1 Design Requirements. 

13.6.1.1 Rooms where nitrate film is stored or handled in 
quantities greater than 50 lb [23 kg (10 standard rolls)] shall 
be protected with an automatic sprinkler system that is de- 
signed for extra hazard occupancies. 

Exception: Motion picture projection booths or rooms and, rexoiruiing 
rooms. [40:3.1.2] 

13.6.1.2 Water supplies for automatic sprinklers shall be 
based on 20 gpm (1.26 L/sec) per sprinkler for 20 minutes for 
the total number of sprinklers in one vault, plus 25 percent of 
the sprinklers in the communicating fire area. [40:3.2.2] 

13.6.2 Installation Requirements. 

13.6.2.1 In areas or rooms where nitrate film is handled, the 
area that is protected per sprinkler shall not exceed 64 fr (6 m~) 
with sprinklers and branch lines not being over 8 ft (2.4 m) apart. 
[40:3.1.4] 

13.6.2.2 Cabinet Protection. [40:4.2.5] 

13.6.2.2.1 Where cabinets are required to be sprinklered, 
they shall be provided with at least one automatic sprinkler. 
[40:4.2.5.1] 

13.6.2.2.2 Where cans are stored on more than one shelf, as 
shown in Figure 13.6.2.2.2 and as described in 4.2.6.1. or 
4.2.6.2 of NFPA 40, Standard for the Storage and Handling of Cel- 
lulose Nitrate Film, one sprinkler shall be provided for each 
shelf. [40:4.2.5.2] 

13.6.2.3 Vaults Other than Extended Term Storage Vaults. 

[40:4.3] (See Figure 13.6.2.3.) 

13.6.2.3.1 Sprinkler protection utilizing regular automatic 
sprinklers or open sprinklers shall be calculated on the basis 
of one sprinkler for each 62.5 ft'"* (1.8 nr*) of the interior vault 
volume. [40:4.3.6.1] 

13.6.2.3.2 Th e m i n i m u m . n u m be r of s p r i n kl e rs Co r a s la n da rd 
750-fr' (21-m 3 ) vault shall be not less than 12. [40:4.3.6.2] 

13.6.2.3.3* Sprinklers or nozzles shall be arranged to provide 
coverage over the tops and fronts of shelves. [40:4.3.6.3] 

13.6.2.3.4 Where automatic sprinklers are used, barriers 
made of No. 24 U.S. gauge sheet steel or other acceptable 
n on combustible material shall be installed between each 
sprinkler. Barriers shall be fastened rigidly in place and shall 
extend from the ceiling down to 4 in. (10 cm) below the sprin- 
kler deflectors. [40:4.3.6.4] 

13.6.2.4 Extended Term Storage Vaults. See Figure 13.6.2.4. 
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Vent flue is equivalent to No.18 U.S. gauge riveted steel. When inside 
building, it is to be covered with 1 in. (2.5 cm) of insulating material. 




Decomposition vent - 



Shelves shall fit 
tightly against 
the back and 
sides of cabinet. 



Not more 
than 5 cans 
high or more 
than 3 piles. 



Shelves of, 
noncombustible, 

insulating - 



material not 
less than % in. 
(9.5 mm) thick 
or hardwood not 
less than 1 in. 
(2.5 cm) thick. 



1 — ^■ 



Automatic sprinkler 

Not more than 25 cans 
on a single shelf. 




Side Elevation 



Front Elevation 




c: 



Three-point lock 
cO=i 1^. 

Cabinet and self- 
closing door of 
insulated or hollow 
metal construction 



Front Elevation 



FIGURE 13.6.2.2.2 
[40:Figure 4.2J 



Standard Film Cabinet for Other than Extended Term Storage Film. 



Decomposition vent 



f- ^-^-A- 



Lights of fixed type at ceiling only. 
Lights should be guarded. 



1 1 1 1 

Shelves of hardwood or 

noncombustible, insulating material 

tightly fitted to walls and barriers 



4- 



J- 



-U 



Shelves should be 1 in. (2.5 vm) wider 
than diameter of largest container. 



Explosion relief 

[1 ft 2 for 

50 ft 3 (0.1 m 2 for 

each 1.4 m 3 )]. 

Provide wing 

walls 

necessary 



Elevation view 



2-hr-rated 

swinging-type 

self-closing 

fire door in 

approved 

frame 



Spray-type fixed nozzles 



Vertical barriers of 

noncombustible, 

insulating material 



2-hr-rated sliding-type 

automatic-closing 

fire door 




Automatic sprinklers 



1 in. (2.5 cm) ■ 



Decomposition 

vent 



Shelves and barriers 
tightly fitted to walls 



Switch 
and pilot 
light 



^J J L-+ 



^Barriers 



Elevation view 



FIGURE 13.6.2.3 Standard Film Vault (for Other than Extended Term Storage Film). [40:Figure 4.3] 
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Decomposition vent 



£z 



Lights of fixed type at ceiling only. 
Lights shall be guarded. 



Explosion relief 
[1 ft 2 for each 
50 ft 3 (0.1 m 2 for 
each 1.4 m 3 )). 
Provide wing 
walls as 
necessary. 



Elevation view 



2-hr-rated 

swinging-type 

self-closing 

fire door in 

approved 

frame 




Shelves and 

barriers tightly fitted 

to walls 



2-hr-rated sliding-type 
automatic-closing fire door 



j*r 



Ptan view 



Decomposition 
vent 



lew \ / 



n 



P 



Switch 
-and pilot 

light 



Spray-type fixed nozzles 



Automatic sprinklers 

in. J, .,4 



1 in. (2.5 cm) • 



Shelves and vertical barriers of noncombustible, insulating 

material at least % in. (9.5 mm) thick or of hardwood 

construction not less than 1 in. (2.5 cm) thick. 



FIGURE 13.6.2.4 Extended Term Storage Vault. [40:Figure 4.5] 



^T^- 



- Barriers 



Hr- 



Elevation view 



13.6.2.4.1 Spri n kl e rs sh al 1 be p rovi d ed i n a rati o of on e spri n- 
kler for each 62.5 ft* (1.8 nr') of vault volume. 

Exception: Sprinkler systems in existing extended term storage vaults 
that were in compliance, with the provisions oJNFRA 40 at the lime of 
installation si hall be permitted, to be continued, in use. [40:4.5.5.1] 

13.6.2.4.2 Th e m i n i m 1 1 in n u n i be r o f s p r i n kl e rs fo r a 1 00-f t' 
(28-nr'') vault shall be 15 sprinklers. 

Exception: Sprinkler systems in existing extended term storage vaults 
that were in compliance with (.he provisions o/NFPA 40 at, the lime of 
installation shall be permitted to be continued in use. [40:4.5.5.2] 

13.6.2.4.3 Directional sprinklers that will provide coverage 
i n to th e face of th e s h e 1 ves s h al 1 be p rovi d ed . [40:4.5.5.3] 

13.6.2.5 Motion Picture Film Laboratories. In all cases, sprin- 
klers shall be arranged so that not more than two machines 
are protected by any one sprinkler. [40:7.2.5.2] 

13.7 Storage of Pyroxylin Plastic. 

13.7.1 Design Requirements. 

13.7.1.1 The water supply for automatic sprinklers shall be 
based o n the nu m be r o f s p r i n kl e rs 1 i a b 1 e to be a ffe c te d i n any 
fire section between lire walls or fire- resistive partitions. It 
shall be assumed that any one of the following numbers of 
sprinklers can be affected and the condition giving maximum 
How used as a basis: 

(1) All sprinklers in a vault 

( 2 ) Al 1 s p r i n kl e rs i n a to te box s to re roo m 

(3) Three-fourths of the sprinklers in a finished-stock store- 
room 

( 4 ) All sprinkle rs i n a se c ti o n o f an i s o 1 ate d s to rage bu i I d i n g 
[42:2.4.3.1] 



13.7.1.2 The water supply for an automatic sprinkler sys- 
tem shall be based on a flow of 20 gpm (76 Lprn) per sprin- 
kler for 20 minutes, with a minimum rate of flow of 500 gpm 
(1900 Lpm). Such (low shall be with an effective pressure at 
th e top line o f sprinklers of n o t less th a n 40 p s i ( 2 . 8 b a r ) . 
[42:2.4,3.2] 

13.7.2 Installation Requirements. See Figure 18.7.2(a) and 

Figure 13.7.2(b). 

13.7.2.1 Where sprinkler systems are provided for isolated 
storage buildings per 3.4.3 of NFPA 42, Code for the Storage of 
Pyroxylin Plastic, sprinklers shall be spaced so that there is one 
sprinkler per 32 ft 2 (3 m 2 ). [42:3.4.3] 

13.7.2.2 Sprinklers in buildings used for storage of loose 
scrap shall be installed in the ratio of one sprinkler for each 
1000 lb (454 kg) of storage. 

Exception: The ratio in 13. 7.2.2 shall need, not apply if the scrap is 
in tanks or other receptacles kept filled with water. [42:3.4.4] 

13.7.2.3 Where cabinets are required to be sprinkle red, they 
shall have at least one automatic sprinkler in each compart- 
ment. [42:4.2.10] 

13.7.2.4 Vaults Containing Pyroxylin Plastic. 

13.7.2.4.1 Vau 1 ts sh al 1 be eq u i p p ed w i th a u to m ati c s p r i n k 1 e rs 
in a ratio of one sprinkler to each 834 lb (378 kg) of pyroxylin 
plastic or one sprinkler to each 125 ft" ; (3.5 nr'') of total vault 
space. [42:4.4.1] 

13.7.2.4.2 A va u 1 1 th at i s d i vi d ed i n to two o r m o re sec ti o n s 
shall have at least one automatic sprinkler in each section. 

[42:4.4.2] 
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/% Scupper 



Scupper 




Vent 



w //;w^ X 



3-in. (7.6-cm) concrete sill 



mz. 



Scupper 



FIGURE 13.7.2(a) Raw Stock Storage Vault Showing General 
Arrangement of Sprinklers, Racks, and Baffles. [42:Figure 

4.3.3.7(a)] 



13.7.2.4.3 Sprinkler systems for vaults shall be equipped with 
a Lin. (2.5-cm) drip line with a '/fc-in. (13-mm) outlet valve. 
[42:4.4.5] 

13.7.2.5 Tote-Box Storeroom for Pyroxylin Plastic. Sprinkler 
p ro t;e c t i o n p r o v i d e d f o r th e to te b ox s to re r o omsh all consist 
of one sprinkler in the center of the aisle immediately in 
front of the dividing partition between each pair of sec- 
tions. Proper baffles shall be provided between heads. 
[42:4.7.9] (See Figure 1.3.7.2.5(a) mid Figure 13.7.2.5(b).) 

13.7.2.6 Finished Stock Storeroom for Pyroxylin Plastic. See 

Figure 13.7.2.6. 

13.7.2.6.1 An to m a tic sp ri n klers sh al 1 be i ns tal 1 ed wi th p roper 
ba 01 es be twe en spri n k 1 e rs i n th e ce n te r of th e aisl e oppos i te 
each section. [42:4.8.7] 

13.7.2.6.2 Special Rooms for Stock in Shipping Cases. The 

special room shall be protected by automatic sprinklers, with 
at least one sprinkler for each 64 ft 2 (6 m 2 ). [42:4.9.4] 

13.8 Laboratories Using Chemicals. 

13.8.1 Design Requirements. An automatic sprinkler system, 
where required by Table 3.1(a) of NFPA45, Standard on Fire 
Protection for Laboratories Using Chemicals, depending on the 




22 in. 
(56 cm; 



2 in. x 2 in. (5 cm x 5 cm) strip to prevent 



stock being pushed against partitions 
Plan 



Slats 2 in. (5 cm) wide with 
1 in. (2.5 cm) separation ^ 



2 in. x 2 in. (5 cm x 5 cm) strip 
to prevent stock being pushed 
back to wall / 
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Eu. 
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JL 



HI 



y/////)y////////^W/777?7M7>/A 



Front Elevation 



2 in. x 2 in. (5 cm x 5 cm) 
strip to prevent 
stock being pushed 
above partition 




Side Elevation 



FIGURE 13.7.2(b) Details of Storage Racks in Raw Stock 
Storage Vault. [42:Figure 4.3.3.7(b)] 



construction of the building, the hazard class of the laboratory 
unit, the construction of the laboratory unit enclosure, and 
the area of the laboratory unit shall be in accordance with the 
following: 

(1) Automatic sprinkler system protection for Class A and 
Class B laboratories shall be in accordance with ordinary 
hazard, Group 2 occupancies. 

(2) Automatic sprinkler system protection for Class C and 
Class D laboratories shall be in accordance with ordinary 
hazard, Group 1 occupancies. [45:4.2.1.1] 

13.8.2 Installation Requirements. (Reserved) 

13.9 Oxygen-Fuel Gas Systems for Welding, Cutting, and Al- 
lied Processes. 

13.9.1 Design Requirements. Where sprinkler systems are re- 
quired per 2.3.1 of NFPA51, Standard for the Design and Instal- 
lation of Oxygen— Fuel Gas Systems for Welding, Cutting, and Allied 
Processes, they shall provide a sprinkler discharge density of at 
least 0.25 gpm/fr (10.2 mm/min) over a minimum operating 
area of at least 3000 ft a (88 m~). [51:2.3.1, Exception No. 1] 
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1 ft (0.3 m 

mm 



-Scuppers 






Location of sprinklers 
with relation to racks 



^ 



4 ft (1.2 m) 
o 



T- 



i 



4 ft (1.2 m) 

o ; o 

f Self-closing fire door 



Plan 

Total area of storeroom not to 
exceed 1000 ft 2 (93 m 2 ) 

Dimensions of racks, distance 
between baffles, and other 

dimensions will vary with the 1 in. (2.5 cm) cement plaster unless 

size of tote box present ceiling is fire resistive 

6 in. (15 cm) -^ i 



Shelves 
to be 

4 in. 
(10 cm) 
above 
floor 



X 



^ 



^£ 



U£ 



15 in. 
(38 cm) 



4 in. (10 cm) — ^ 

Elevation 

FIGURE 13.7.2.5(a) Tote Box Storeroom Showing General 
Arrangement of Racks and Sprinklers. [42:Figure 4.7] 

13.9.2 Installation Requirements. Where sprinkler systems 
are provided per NFPA 51, 2.3.1, Exception No. 1, sprinklers 
shall be located not more than 20 ft (6 m) above the floor 
where the cylinders are stored. [51:2.3.1, Exception No. 1] 

13.10 Acetylene Cylinder Charging Plants. 

13.10.1 D esign Requirements. Wh e re an an to m a t i c sp ri n kle r 
system is required per NFPA 51 A, Standard for Acetylene Cylinder 
Charging Plants, it shall be an extra hazard (Group 1) open or 
closed head sprinkler system. [51 A: 9. 2. 2] 

13.10.2 Installation Requirements. (Reserved) 

13.11 Storage, Use, and Handling of Compressed and Lique- 
fied Gases in Portable Cylinders. 

13.11.1 Design Requirements. 



Automatically opening windows 
r _ , > 



20 U.S. gauge 

galvanized iron 
baffles 



Plan 



10 in.x 12 in.x24 in. 
(25 cm x 30 cm x 61 cm 




FIGURE 13.7.2.5(b) Tote Box Storeroom Showing Arrange- 
ment of Sprinklers and Baffles and Section of Tote Box Stor- 
age Rack. [42:Figure 4.7.7] 



13.11.1.1 Wh e re an an to ma ti c s p ri n kl e r syste mis req u i red pe r 

NFPA 55, Standard for the Storage, Use, and Handling of 'Compressed 
and Liquefied Gases in Portable Cylinders, the sprinkler system pro- 
tecting the gas cylinder storage, and for a distance of 25 It (7.6 m) 
beyond in all directions, shall be capable of providing a sprinkler 
d e nsi ty of a t least . 3 gpm / 1: r (12.2 m m / m i n ) ove r th e m ost; 
hydraulically remote 2500 Ir (232.25 rrr). [55:2.2.2.1] 

13.11.1.2 Wh e re sp r i n kl e r sys te m s a re p rovi d e d pe i ' N F PA 5 5 , 
2.2.2.2, Exception No. 1, they shall be designed for ordinary 
hazard, Group 1 occupancies. [55:2.2.2/2] 

13.11.1.3 Wh e re s p r i n k 1 e r sys te m s a re p ro v i d e d p e r N FPA 5 5 , 
2.2.2.2, Exception No. 2, they shall be designed for ordinary 
hazard, Group 1 occupancies. [55:2.2.2.2] 

13.11.1.4 Where sprinkler systems are required for gas cylin- 
d e r s to rage r o o m s p e r NFPA 55, th ey s h a 1 1 be ca pa b 1 e o f p ro- 
vi d i n g a m i n i in 1 1 m d e n s i ty o f . 3 g p m / f t~ (12.2 m m / m i n ) 
ove r tli e m ost hyd rati 1 i ca 1 ly re m o te 2 5 ft~ ( 2 3 2 . 2 5 m ~ ) o r the 
entire room area, whichever is smaller. [55:2.2.3.2] 

13.11.2 Installation Requirements. (Reserved) 

13.12 Storage and Handling of Liquefied Petroleum Gases at 
Utility Gas Plants. 
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Section AA of Figure 1 3.7.2.6 



Section BB of Figure 13.7.2.6 



FIGURE 13.7.2.6 Finished-Stock Storeroom Showing Gen- 
eral Arrangement of Racks. [42:Figure 4.8] 



13.12.1 Design Requirements. The design of fire water supply 
and distribution systems, if required by NFPA59, Utility LP-Gas 
Plan I, Code, s hall p ro vi d e f o r th e s im u 1 tan eo us supply of th os e 
fixed (ire protection systems, including monitor nozzles, at 
their design flow and pressure, involved in the maximum 
s i n g 1 e i n c i d e n t ex pe c ted i n th e pi a n t. An ad d i ti on al su pply of 



1000 gpm (3785 L/min) shall be available for hand hose 
streams for a period of not less than 2 hours. Manually actu- 
ated monitors shall be permitted to be used to augment hand 
hose streams. [59:10.5.2] 

13.12.2 Installation Requirements. (Reserved) 

13.13 Production, Storage, and Handling of Liquefied Natu- 
ral Gas (LNG). 

13.13.1 Design Requirements . Th e design of fi re wate r supply 
and distribution systems, if required by NFPA59A, Standard for 
the Production, Storage, and. Handling of Liquefied Natural Gas 
(LNG), shall provide for the simultaneous supply of those 
fixed fire protection systems, including monitor nozzles, at 
their design flow and pressure, involved in the maximum 
single incident expected in the plant plus an allowance of 
1000 gpm (3785 L/min) for hand hose streams for not less 
than 2 hours. [59A: 9.5.2] 

13.13.2 Installation Requirements. (Reserved) 

13.14 Electronic Computer Systems. 

13.14.1 Design Requirements. (Reserved) 

13.14.2 Installation Requirements. Where sprinkler systems 
are provided per NFPA75, Standard for the Protection of Electronic 
Computer [Data Processing Equipment, they shall be valved sepa- 
rately from other sprinkler systems. [75:6.1.3] 

13.15 Incinerators, Systems, and Equipment. 

13.15.1 Design Requirements. (Reserved) 

13.15.2 Installation Requirements. 

13.15.2.1 Chute Automatic Sprinklers. [82:3.2.5] 

13.15.2.1.1 Gravity Chute. Gravity chutes shall be protected 
i n te rn ally by au to m atic spri n kle rs . Th is re q u i res a spri n k 1 e r a t 
or above the top service opening of the chute, and, in addi- 
tion, a sprinkler shall be installed within the chute at alternate 
floor levels in buildings over two stories in height with a man- 
datory sp ri nkle r 1 oca ted at th e 1 owes t se rvi ce 1 e vel . [82:3.2.5.1] 
(See Eigure 13 J 5.2.1.1.) 

Exception No. 1: Lined, masonry chute that complies with 3.2.2.5 of 
NFPA82. [82:3.2.5.1] 

Exception No. 2: Lined metal chute that complies with 3. 2. 2. 6 of 
NFPA82. [82:3.2.5.1] 

Exception No. 3: Listed medium-heat chimney that complies with 
3. 2. 2. 8 of'NFPA 82, Standard on Incinerators and Waste and, Linen 
Handling Systems and, Equipment,. [82:3.2.5. 1] 

13.15.2.1.2 Chute Sprinkler Head Protection. Automatic 
sprinklers installed in gravity chute service openings shall be 
recessed out of the chute area through which the material 
travels. [82:3.2.5.2] 

13.15.2.2 Automatic Sprinklers, Full Pneumatic Systems. Full 
pneumatic-type risers shall be protected internally by auto- 
matic sprinklers. A sprinkler shall be required at or above the 
top loading station and at alternate floor levels in buildings 
over two s to lies i n h eight:, w i th a m a n d a to ry s p r i n kl e r 1 o ca te d 
at the lowest loading station. Sprinklers shall be recessed out 
of the station area through which the material travels. 
[82:3.3.4] (See Figure 13.15.2.2.) 
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Loading door 
1 hour'B' 
label 
minimum 




Gravity chute 



Self-closing fire- 
rated door, with 
"B" label 



Gravity chute with offset 
only when necessary by building 
conditions and with approval of 
authority having jurisdiction 



FIGURE 13.15.2.1.1 Gravity Chute. [82:Figure 3.2.5.1] 
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Station door 
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{normally closed) 

• Sprinkler 
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load station with 
normally closed 
inner door 
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FIGURE 13.15.2.2 Full Pneumatic System. [82:Figure 3.3.4] 



13.15.2.3 Commercial-Industrial Compactors. AH chute-fed 
compactors shall have an automatic special fine water spray sprin- 
kler with a minimum VAn. (13-mm) orifice installed in the hop- 
per of the compactor This sprinkler shall be an ordinary 
temperature-rated sprinkler The sprinklers shall be supplied by 
a minimum 1-in. (25.4-mm) ferrous piping or %-in. (1.9-rnm) 
copper tubing line from the domestic cold water supply. The 
sprinkler shall provide a suitable spray into the hopper. A cycling 
(on-off), self-actuating, snap-action, heat-actuated sprinkler shall 
be permitted to be used, or the sprinkler shall be permitted to be 
controlled by a temperature sensor operating a solenoid valve. 
Sprinkler water piping shall be protected from freezing in out- 
door installations. [82:5.2.5.2.1] 

13.16 Industrial Furnaces Using a Special Process Atmosphere. 

13.16.1 Design Requirements. (Reserved) 

13.16.2 Installation Requirements. Where sprinkler systems 
are provided per NFPA 86C, Standard for Industrial Furnaces 
Using a Special Processing Atmosphere, 18.1.2(b), sprinklers shall 
be of extra high-temperature rating [325°F to 650° F (163°C to 
343°C] to avoid premature operation from localized flashing. 
[86C:18.1.2(b)] 

13.17 Ventilation Control and Fire Protection of Commercial 
Cooking Operations. 

13.17.1 Design Requirements. (Reserved) 

13.17.2 Installation Requirements. (Reserved) 

13.18 Class A Hyperbaric Chambers. 

13.18.1 Design Requirements. 

13.18.1.1 In cham be rs tha t cons ist of m o re th an o ne ch am ber 
compartment (lock), the design of the deluge system shall en- 
sure adequate operation when the chamber compartments are at 
different depths (pressures). The design shall also ensure the 
independent or simultaneous operation of deluge systems. 

Exception: Chamber compartments that are used strictly as personnel 
transfer compartments (locks), and for no other purposes, are not re- 
quired to have a fixed deluge system. [99:19.2.5.2] 

13.18.1.2* Manual activation and deactivation deluge controls 
shall be located at the operator's console and in each chamber 
compartment (lock) containing a deluge system. Controls shall 
be designed to prevent unintended activation. [99: 19.2.5.2. 1] 

13.18.1.3 Water shall be delivered from the sprinkler heads 
as specified in 13.18. 1.4 within 3 seconds of activation of any 
affiliated deluge control. [99:19.2.5.2.2] 

13.18.1.4* Average spray density at floor level shall be not less 
than 2 gpm/ft 2 (81.5 L/min/rrr) with no floor area larger 
than 1 mr receiving less than 1 gpm/ft"' (40.75 L/min/m' 2 ). 

[99:19.2.5.2.3] 

13.18.1.5* The number an d pos i tio n i n g of sp i i n kle rs shal I be 
sufficient to provide reasonably uniform spray coverage with ver- 
tical and horizontal (or near horizontal) jets. [99:19.2.5.2.3] 

13.18.1.6 The re sh al 1 be suffi ci e n t wate r avai 1 able i n th e de 1- 
uge system to maintain the flow specified in 13.18.1.4 simulta- 
neously in each chamber compartment (lock) containing the 
deluge system for 1 minute. The limit on maximum extin- 
guishment duration shall be governed by the chamber capac- 
ity (bilge capacity also, if so equipped) and/or its drainage 
system."[99:19.2.5.2.4] 
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13.18.1.7 The deluge system shall have stored pressure to 
operate for at least 15 seconds without electrical branch 
power. [99:19.2.5.2.5] 

13.18.2 Installation Requirements. (Reserved) 

13.19 Fixed Guideway Transit Systems. 

13.19.1 Design Requirements. In all areas of enclosed struc- 
t u re s use d f o r s to rage a n d m a i n te n a nee o f ve h i c 1 e s t h e s pr i n- 
kl e r sys te m shall be of a c 1 osed-he a d type f o r O rd i n ary Hazard 
classification. [130:6.4.1] 

13.19.2 Installation Requirements. (Reserved) 

13.20 Race Track Stables. 

13.20.1 Design Requirements. Automatic sprinkler systems 
shall be designed in accordance with Ordinary Hazard 
Gro u p 2 c 1 ass if i ca t.i on. [150:4:. 1 . 2 ] 

13.20.2 Installation Requirements. (Reserved) 

13.21 Water Cooling Towers. 
13.21.1 Design Requirements. 

13.21.1.1 Types of Systems. 

13.21.1.1.1* Because the counterflow tower design lends itself 
to either closed- or open-head systems, wet-pipe, dry-pipe, pre- 
action, or deluge systems shall be permitted to be used. 
[214:3.2.2.1] 

13.21.1.1.2* The open -head deluge system shall be used in 
crossflow towers to maximize the water distribution and heat 
detection activation. [214:3.2.2.2] 

13.21.1.2 Minimum Rate of Application. 

13.21.1.2.1 U n d e r th e fa n d ecks of co u n terflow towers, the rate 
of application of water shall be 0.5 gpm/ft 2 (20.4 L/min-nr) 
(including Ian opening). [214:3.2.3.1] 

13.21.1.2.2 U n d e i. th e fan d ecks of c rossfl ow towers, di e rate of 
application of water shall be 0.33 gpm/ft 2 (13.45 L/min-m 2 ) 
(including fan opening). [214:3.2.3.2] 

13.21.1.2.3 Over the fill, areas of crossflow towers, the rate of 
application of water shall be 0.5 gpm/ft 2 (20.4 L/mimm 2 ). 

[214:3.2.3.3] 

13.21.1.3 Extended Fan Decks. On towers having extended 
fan decks that completely enclose the distribution basin, the 
discharge outlets protecting the fill area shall be located over 
the basin, under the extension of the fan deck. These dis- 
charge outlets shall be open directional spray nozzles or other 
approved spray devices arranged to discharge 0.35 gpm/ftr 
(14.26 L/min-nr) directly on the distribution basin and 
. 1 5 gpm / ft~ ( 6 . 1 1 L/ .i n i n * m 2 ) on the u n de rs i d e of th e fan 
deck extension. On towers having extended fan decks that do 
not completely enclose the hot water basin, outlets protecting 
the fill shall be located under the distribution basin as set out 
in 3.2.4.2. of NFPA 214, Standard on Water-Cooling Towers. 
[214:3.2.4.3] 

13.21.1.4 Combustible Fan Decks. For deluge systems using 
directional spray nozzles in the pendent position, provisions 
shall be made to protect the underside of a combustible fan 
d eck at a m i n i m u m of . 1 5 gpm / ft" ( 6 . 1 1 L/ m i n ■ m 2 ) , wh i c h 
shall be included as part of the application rate specified in 
13.21.1.3. [214:3.2.4.4] 



13.21.1.5 Water Basin Covers. On film-filled towers that have 
solid, hot-water basin covers over the complete basin, the dis- 
charge outlets protecting the fill area shall be permitted to be 
located under the basin covers. These discharge outlets shall be 
open directional spray nozzles or other approved devices ar- 
ranged to discharge 0.35 gpm/ft 2 (14.26 L/min-m 2 ) directly on 
the distribution basin, and 0.1.5 gpm/ft 2 (6.11 L/min-m 2 ) on the 
underside of the water basin covers. [214:3.2.4.5] 

13.21.1.6 Exterior Protection. Sys te m s for ex te r i o r p ro te c ti o n 
shall be designed with the same attention and care as interior 
systems. Pipe sizing shall be based on hydraulic calculations. 
Water supply and discharge rate shall be based on a mini mum 
0.15 gpm/ft 2 (6.11 L/min-nr) for all surfaces being pro- 
tected. [214:3.2.10.2] 

13.21 . 1 .7 Sprinkler System Water Supply. 

13.21.1.7.1 Deluge Systems. 

13.21.1.7.1.1* Wh e re al 1 eel Is of a cool ing to we r are pro tected 
by a single deluge system, the water supply shall be adequate 
to supply all discharge outlets on that system. [214:3.6.1.1] 

13.21.1.7. 1.2 Wh e re two or m o re d e 1 u ge sys tern s are us ed to 
protect a cooling tower and fire-resistant partitions are not 
provided between the deluge systems, the water supply shall 
be adequate to supply all discharge outlets in the two most 
hydraulically demanding adjacent systems. [214:3.6.1.2] 

13.21.1.7.1.3* Where two or more deluge systems are sepa- 
rated by fire-resistant partitions, the water supply shall be ad- 
equate to supply all discharge outlets in the single most hy- 
draulically demanding system. [214:3.6.1.3] 

13.21.1.7.2 Wet, Dry, and Preaction Systems. 

13.21.1.7.2.1* Wh e re eac h cell of th e co o 1 i n g towe r is se p a- 
rated by a fire-resistant partition, the water supply shall be 
adequate to supply all discharge outlets in the hydraulically 
most demanding single cell. [214:3.6.2.1] 

13.21.1.7.2.2* Wh e re fi re-resis tan t pa r ti ti on s are n o t p ro vid ed 
between each cell of a cooling tower, the water supply shall be 
adequate to supply all discharge outlets in the two most hy- 
draulically demanding adjoining cells. [214:3.6,2.2] 

13.21.1.7.3 Hose Streams. W 7 a te r s u pp 1 i es s hall be s u ffi c i e n t to 
include a minimum of 500 gpm (1892.5 L/min) for hose 
streams in addition to the sprinkler requirements. [214:3.6.3] 

13.21.1.7.4 Duration. An adequate water supply of at least 
2-hour duration shall be provided for the combination of the 
water supply specified in 13.21.1.7.1 or 13.21.1.7.2, plus the 
hose stream demand specified in 13.21.1.7.3. [214:3.6.4] 

13.21.2 Installation Requirements. 

13.21.2.1* Counterflow Towers. [214:3.2.4.1] 

13.21.2.1.1 The discharge outlets shall be located under the 
fan deck and fan opening. [214:3.2.4.1.1] 

13.21.2.1.2 Except under the fan opening, all discharge out- 
lets shall have deflector distances installed in accordance with 
Section 8.5. [214:3.2.4.1.2] 

13.21.2.1.3 Closed-head discharge outlets for dry-pipe and 
preaction systems shall be installed in the upright position 
only. [214:3.2.4.1.3] 

13.21.2.2* Crossflow Towers. [214:3.2.4.2] 
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13.21.2.2.1 The discharge outlets protecting the plenum 
area shall be located under the fan deck and in the fan open- 
ing. [214:3.2.4.2.1] 

13.21.2.2.2 Discharge outlets protecting the fill shall be lo- 
cated under the distribution basin on either the louver or drift 
eliminator side, discharging horizontally through the joist 
channels. [214:3.2.4.2.2]' 

13.21.2-2.3 Towers with a fill area longer than the maximum 
allowable for the discharge device being used shall have dis- 
charge devices placed on both sides of the fill area in each joist 
channel. The pressure at each discharge device shall be ad- 
equate to provide protection for half of the length of the fill 
area. [214:3.2.4.2.3] 

13.21.2.2.4 Where joist channels are wider than 2 ft (0.6 m), 
more than one discharge device shall be required per joist 
channel. 

Exception: If the discharge device being used is listed for the width of 

the joist channel being protected. [214:3.2.4.2.4] 

13.21.2.3* Extended Fan Decks. On towers having extended 
fan decks that completely enclose the distribution basin, the 
discharge outlets protecting the fill area shall be located over 
the basin, under the extension of the fan deck. [214:3.2.4.3] 

13.21.2.4 Combustible Fan Decks. For deluge systems using 
directional spray nozzles in the pendent position, provisions 
shall be made to protect the underside of a combustible fan 
deck. [214:3.2.4.4] 

13.21.2.5* Water Basin Covers. On towers having basin covers 
that do not completely enclose the hot water basin, outlets 
protecting the fill shall be located under the distribution basin 
as set out in 13.21.2.2. [214:3.2.4.5] 

13.21.2.6 Valves. [214:3.2.6] 

13.21.2.6.1 General. Shu toff valves and automatically oper- 
ated water control valves, if provided, shall be located: 

(1) Outside the fire-exposed area 

(2) As close to the cooling tower as possible to minimize the 
amount of pipe to the discharge device 

(3) Where they will be accessible during a fire emergency 
[214:3.2.6.1] 

13.21.2.6.2 Manual Release Valve. Remote manual release 
valves, where required, shall be conspicuously located and readily 
accessible during a fire emergency. If remote, manual release 
valves are not required, an inspector's test valve shall be provided 
for each pilot-head-operated system. [214:3.2.6.2] 

13.21.2.7 Strainers. Strainers shall be required for systems uti- 
lizing discharge devices with waterways of less than 0.375-in. 
(9.5-mm) diameter. (See NFPA 15, Standard for Water Spray Fixed 

Systems for Fire Protection, for further details.) [214:3.2.7] 

13.21.2.8 Heat Detectors. [214:3.2.8] 

13.21.2.8.1 Where deluge or preaction systems are used, heat 
detectors shall be installed in accordance with the applicable 
sections of NFPA 12, National Fire Alarm Code. [214:3.2.8.1] 

13.21.2.8.2 In mechanical induced-draft towers, heat detec- 
tors shall be located under the fan deck at the circumference 
of the fan opening and under the fan opening where neces- 
sary to comply with the following spacing requirements. (For 
extended fan decks, see 3.2.8.3 in NFPA 214.) [214:3.2.8.2] 



13.21.2.8.2.1 Fixed-temperature detectors shall be spaced 
not more than 8 ft (2.4 m) apart in any direction including the 
fan opening. Temperature ratings shall be selected in accor- 
dance with operating conditions, but shall be no less than in- 
termediate. [214:3.2.8.2.1] 

13.21.2.8.2.2 Rate-of-rise detectors shall be spaced not more 
than 15 ft (4.6 m) apart in any direction. In pneumatic-type 
systems, for detectors inside the tower, there shall be no more 
than one detector for each mercury check in towers operating 
in cold climates, and two detectors for each mercury check in 
towers used during the warm months only or year-round in 
warm climates. There shall be no more than four detectors for 
each mercury check where the detectors are located outside 
the tower. [214:3.2.8.2.2] 

13.21.2.8.3 On towers having extended fan decks that com- 
pletely enclose the distribution basin, detectors shall be located 
under the fan deck extension in accordance with standard, 
indoor-spacing rules for the type detectors used. (See NFPA 72, 
National Fire A larm Cods. ) 

Exception: Where the fan deck extension is 16 ft (4.9 m) or less and 
this dimension is the length of the joist channel, then only one row of 
detectors centered on and at right angles to the joist channels shall he 
required. Spacing between detectors shall be in accordance with 
NFPA 72, National Fire Alarm, Code. On toxvers having extended fan 
decks that do not completely enclose the hot xoater basin, detectors shall 
not be required under the fan deck extension. /214: 3.2.8.3] 

13.21.2.8.4 Where the total number of deluge systems ex- 
ceeds the number for which the water supply was designed, 
heat barriers shall be installed under the extended fan deck to 
separate the systems. Heat barriers shall extend from the fan 
deck structure to the distribution basin dividers. [214:3.2.8.4] 

13.21.2.8.5 Where heat detectors are inaccessible during 
tower operation, an accessible test detector shall be provided 
for each detection zone. [214:3.2.8.5] 

13.21.2.8.6 Heat detector components exposed to corrosive 
vapors or liquids shall be protected by materials of suitable 
construction or by suitable, protective coatings applied by the 
equipment manufacturer. [214:3.2.8.6] 

13.21.2.9 Protection for Fan Drive Motor. [214:3.2.9] 

13.21.2.9.1 A h ea t de te c to r an d wate r d isc h a rge o u tl e t shall 
be provided over each fan drive motor when the motor is lo- 
cated so that it is not within the protected area of the tower. 
[214:3.2.9.1] 

13.21.2.9.2 Provision shall be made to interlock the fan mo- 
tors with the fire protection system so that the cooling tower 
fan motors will be stopped in the cell(s) for which the system is 
actuated. Where the continued operation of the fans is vital to 
the process, a manual override switch may be provided to re- 
activate the fan when it is determined that there is no fire. 
[214:3.2.9.2] 

13.21.2.10 Corrosion Protection. [214:3.3] 

13.21.2.10.1 P i p i n g, fi tti ngs , h an ge rs , b races , an d attac h m e n t 
hardware including fasteners shall be hot-dip galvanized steel 
per ASTM A 1 53, Standard Specification for Zinc Coating (Hot Dip) 
on Iron and Steel Hardware, or other materials having a superior 
corrosion resistance. Exposed pipe threads and bolts on fit- 
tings shall be protected against corrosion. All other compo- 
nents shall be corrosion resistant or protected against corro- 
sion by a suitable coating. [214:3.3. 1 ] 
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13.21.2.10.2* Wax- type coalings shall not. be used on devices 
without fusible elements. [214:3.3.2] 

13.21.2.10.3* Special care shall be taken in the handling and 
installation of wax-coated or similar sprinklers to avoid damaging 
the coating. Corrosion-resistant coatings shall not be applied to 
the sprinklers by anyone other than the manufacturer of the 
sprinklers, except that in all cases any damage to the protective 
coating occurring at the time of installation shall be repaired at 
once using only the coating of the manufacturer of the sprinkler 
in an approved manner so that no part of the sprinkler will be 
exposed alter the installation has been completed. [214:3.8.3] 

13.22 Piers, Terminals, and Wharves. 

13.22.1 Design Requirements. 
13.22.1.1* Piers and Wharves. 

13.22.1.1.1 Sprinklers shall be 12.7-mm (Mho.) orifice and 
sh a 11 d i sc h a rge a t a mi n i m u in p i ess 1 1 re o f 8 5 kPa (12. 5 ps i ) . 

[307:3.3.3. 1.3(a)5] 

13.22.1.1.2 D e s i g n a i e a s 1 1 a 1 1 be base d u p o n tl i e 1 arges t a re a 
between fires tops plus an additional area embracing at least 
two branch lines on opposite sides of the lire-stop. 
[307:3.3.3. 1.3(a)5b] 

13.22.1.1.3 Jvl.ininu.nn design area shall be not less than 
465 nr (5000.fr). [307:3.3.3..1.3(a)5c] 

13.22.1.1.4 T h e n i ax i i n 1 1 in a re a to be pro tec ted by an y one: sys- 
tem shall be limited to 2325 nr (25,000 It"). [307:3 A3.'l.3(a)7] 

13.22.1.2 Terminal Buildings. 

13.22.1.2.1 Due to the w i d el y va lying nature o i c . o m m o d i t i e s 
that might pass through transit sheds, container freight sta- 
tions, trans load facilities, and similar buildings used for han- 
dling and temporary storage of general cargo, minimum 
sprinkle r design s h a 1 1 b e ba sed 1 1 po n Ex tra H a za rd ( Gro u p 1 ) 
classification. [307:4.4.2] 

13.22.1.2.2 11 t . 1 1 e maximum s to r a ge h e i g h t; t h a t th e b u i 1 d i n g 
will permit exceeds 3.7 m (.1.2 ft), the requirements shall be 
followed for the protection of Class I, II, 111, IV, or plastic com- 
m od i ti es p i 1 ed to t he m ax i m u m 1 1 e i gh t p e rm i t ted by b u i Id i n g 
construction, and the clearance requirements of 8.5.6 of 
N.F.PA 307, Standard for the Construction a;nd Fire Protection of Ma- 
rine Terminals, Piers, and. Wha-nws. [307:4. 4 . 3 ] 

13.22.1.2.3 It racks or shelving are present or likely to be 
p re s e n t, t h e r e ( \ u i re 1 1 1 e 1 1 ts shall b e i'o 1 1 o w e d lb r th e p r o te c ti o n 
of C la ss 1 ,11, 1 1 1 , I V, o r p 1 a s ti c co n i m o d i ties . Pro te c ti on i n warc- 
h o use s lb r t h e 1 o 1 1 g- te r m s to rage of s p e c i fi c c: o m m o d ities sh a 1 1 
be designed for the specific use unless the buildings exceed 
465 m-' (5000 fr) total floor area. [307:4.4.4] 

13.22.2 Installation Requirements. 

13.22.2.1 Where there is danger of damage to sprinkler 
equipment by 11 oa .ting objects, physical barriers shall be pro- 
vided to exclude such objects. [307:3.3.3.1.2] 

13.22.2.2 Th e lb 1 1 o w i n g i n s la 1 1 a (ion c ri te r i a s h a 1 1 al so app 1 y. 

(1) Where narrow horizontal channels or spaces are caused 
by ca ps , s tri n ge is , ties, an d o th e r s tr u c tu ral m e m be rs , th e 
standard upright sprinkler might not project sufficient 
w ate ru p w a i d to e x t i n g u i s h o r c o n t r o 1 fi re s o n t h e u n d e r- 
side of the pier or wharf deck. In these cases, a sprinkler 
th a t p rc> j e c: is wale r 1 1 pwa i cl to we t the o ve r h ead , s u c h as a 
p e n d e 1 1 l s p r i n k 1 e r i n s ta II e d i n a n u pr i g 1 1 1 p os i lion , o r th e 



old-style sprinkler shall be used. Location, spacing, and 
d efl e c to r p osi ti on sh a 1 1 be gove v\} ed by th e d i s c h a rge pa t- 
te r n of th e sprinkler an d th e s tr u c tu re be i n g p ro te c ted . 
The following design and installation guides shall apply 
where pendent sprinklers in the upright position or old- 
s ty 1 e s p i. i n k 1 e rs a re to be u til i zed : 

(a) The maximum coverage per sprinkler head shall be 
limited to 7.5 m~ (80 ft~). 

(b) Where spacing or arrangement of stringers consti- 
tutes typical open-joist construction directly support- 
ing the deck, sprinkler branch lines shall be installed 
between the bents at right, angles to the stringers. 
Spacing between branch lines shall not exceed 3 m 
( 1 ft) . Sp ri n k 1 e rs o n b ra n c h I i n es s hal 1 be s tagge red 
and spaced not to exceed 2.5 in (8 ft) on centers. 

(c) Where crisscross construction (typically ties on 
stringers — see diagram in Appendix B of 
NFPA307) is involved, closer spacing of sprinklers 
shall be permitted as necessary to provide wetting 
of t h e e n ti re s t r u c: tu re . 

(d) The deflectors of sprinklers on lines under stringers 
shall be located not less than 100 nun (4 in.) nor' 
mote than 250 mm (10 in.) below the bottom plane 
of the stringer, and not more than 450 mm (18 in.) 
be low th e u n d e rs i d e of th e pie r a r wh arf d e c k . 

( e ) The tern peratu re j a ti n g of th e spri n kl e r sh all not ex- 
ceed 74°C (165°F). 

( f) Th e m ax i m u m a re a to be pro te c ted by a n y o n e sys te in 
shall be limited to 2325 m~ (25,000 fr) . ' 

( 2 ) Sprinkl e rs d es i g n e d a n d ap prove d spec i (i ca 1 1 y fo r p i o te c- 
tion of combustible substructures shall be installed in 
conformity with their listing. 

(3) The pipe hangers shall be placed in a location where they 
will be in the wetting pattern of the sprinkler to prevent the 
lag screws from burning or charring out, dropping sprinkler 
piping, and bleeding the system. The distance from the 
sprinkler to the hanger shall not exceed 460 mm (1.8 in.). 

(4) Horizontal and vertical bracing shall be provided at not 
more than 6-m (20-ft) intervals on all sprinkler piping 
76 mm (3 in.) or larger that is parallel to and within 15 m 
(50 ft) of the face of the pier or wharf and where it might 
be subjected to heavy lire boat nozzle streams. 

(5) Sprinkler systems, including hanger assemblies and brac- 
ing, in underdeck areas shall be properly protected 
throughout against corrosion. Sprinklers shall be of 
corrosion-resistant type. When the lire protection design 
for substructures involves the use of detectors or other 
electrical equipment for smoke or heat detection, pie- 
action or deluge-type sprinkler protection, all detectors 
and wiring systems shall be moisture- and corrosion-proof 
to p ro te c t aga i n s t u nfavo t a bl e a tm osp h e ri c con d i ti o n s 
that exist beneath these structures. Frequent inspection 
and testing of these systems shall be conducted in accor- 
d an ce w i th ap p 1 i ca bl e NFPA s ta n cl a i cl s . 

( 6 ) Wa te r s u p ply sys te m s , h yd ran ts , fi re h os e va] ves , a n d s p r i n - 
kler systems shall be installed with adequate protection 
against freezing and physical damage. 

[307:3.3.3.1.3] 

13.23 Cleanrooms. 

13.23,1 Design Requirements. 

13.23.1.1* Automatic sprinklers for cleanrooms or clean zones 
shall be hydraulically designed for a density of 0.20 gpm/fr 
(8.15 L/min-nr) over a design area of 3000 fr (278.8 nr). 
[318:2.1.2.1] 



2002 Edition 



SPECIAL OCCUPANCY REQUIREMENTS 



13-179 



13.23.1.2 Automatic sprinkler protection shall be designed 
and installed in the plenum and interstitial space above clean- 
roo m s fo r a d e ns i ty o f . 20 gp m / ft" (8.1 5 L/ rn i n • m ~ ) ove r a 
design area of 3000 ft 2 (278.8 m 2 ). 

Exception: Automatic sprinklers can be omitted if the construction 
and occupancy of these spaces are noncombustible. [318:2. 1.2.6] 

13.23.1.3* Sprinklers installed in duct systems shall be hydrau- 
lically designed to provide 0.5 gpm (1.9 L/min) over an area 
derived by multiplying the distance between the sprinklers in 
a horizontal duct by the width of the duct. Minimum dis- 
charge shall be 20 gpm (76 L/min) per sprinkler from the live 
hydraulically most remote sprinklers. [318:2. 1. 2.6.1] 

13.23.2 Installation Requirements. 

13.23.2.1 Wet pipe automatic sprinkler protection shall be 
p rovi d e d th rou gh ou t fac i 1 i ti es co n tai n i n g cl e a n ro o m s an d 
clean zones. [318:2.1.1] 

13.23.2.2* Quick response sprinklers shall be utilized for 
sprinkler installations within down -How airst reams in clean- 
roo m s an d cl e an zo n es . [318:2.1.2.2] 

13.23.2.3* Sprinklers installed in ductwork shall be spaced a 
m ax i m u m of 20 ft (6.1 m ) a p art h o r i zo n ta 1 1 y an d 1 2 ft (3.7 m ) 
apart vertically. [318:2. 1 .2.6. 1 ] 

13.23.2.4 A separate indicating control valve shall be pro- 
vided for sprinklers installed in ductwork. [318:2.1.2.6.2] 

13.23.2.5 The sprinklers shall be accessible for periodic in- 
spectio n and in a i n te nance . [318:2.1.2.6.5] 

13.24 Aircraft Hangars. 

13.24.1 Design Requirements. Sprinkler systems installed in 
aircraft hangars shall comply with NFPA 409, Standard on Air- 
craft Hangars. 

13.24.2 Installation Requirements. Sprinkler systems installed 
in aircraft hangars shall comply with NFPA 409, Standard on 
A ircraft Hangars. 

13.25 Airport Terminal Buildings, Fueling Ramp Drainage, 
and Loading Walkways. 

13.25.1 Design Requirements. 

13.25.1.1 Passe \\gc r handling areas [in a i rp o r t te r m i n al b u i 1 d- 
ings] shall be classified as ordinary hazard, Group 1 occupancy 
for th e pu rpose of s p ri n kler sys te m desi gn . [415:2.5.1.1] 

13.25.1.2* Other areas of the airport terminal building shall 
be classified in accordance with Chapter 5 of NFPA 1.3, based 
on the occupancy of the area. [415:2.5.1.2] 

13.25.1.3 Sprinkler System Water Supply. Water supply from 
public or private sources shall be adequate to supply maximum 
calculated sprinkler demand plus a minimum of 500 gpm 
(1893 L/min) for hose streams. The supply shall be available at 
the rate specified for a period of at least: 1 hour. [415:2.5.5] 

13.25.2 Installation Requirements. (Reserved) 

13.26 Aircraft Engine Test Facilities. 

13.26.1 Design Requirements. 

13.26.1.1* In engine test cells, the minimum design discharge 
den si ty shall be 0.5 gp m / ft 2 (20.4 m m / m in ) of pro tec ted area. 

[423:5.6.3] 



13.26.1.2 In engine tes t ce 1 1 s , wa te r s u p pi i e s s h a 1 1 be ca pa bl e 
of meeting the largest demand at the design rate plus hose 
stream demand for a period of 30 minutes. Hose stream de- 
m an d s h al 1 be a minim u m o f 2 5 g p m ( 946 L/ m i n ) . Th e 1 1 y- 
draulic calculation and the water supply shall be based on the 
assumption that all sprinklers in the test cell are operating- 
si m u 1 ta n e ous 1 y. [423:5. 6 . 4] 

13.26.2 Installation Requirements. (Reserved) 

13.27 Liquid and Solid Oxidizers. 

13.27.1 Design Requirements. 

13.27.1.1 Dry-pipe and double-interlock pre-action sprinkle?' 
sy s te m s s h al 1 no t be p e r m i ( te d fo r pi o te c t i o n o f b i .i i 1 d i n gs or 
a re as c: o 1 1 ta i n i n g o x i d i z e r s . 

Exception: Dry-pipe and, double-interlock pre-action systems shall be 
permitted for protection of Class I oxidizers in noncombustible struc- 
tures. [430:2.11.3] 

13.27.1.2 Sprinkler System Water Supplies. 

13.27.1.2.1 Wa te r su p p 1 i es s h al 1 be adequ a te fo i - th e p ro tec ti o i i 
of the ox i d i ze r s to ra ge by h os e s 1 1 ea m s a n d a u to m a ti c s p r i n kl e rs . 
The water system shall be capable of providing not less than 
750 gpm (2840 L/min) where protection is by means of hose 
streams, or 500 gpm (1890 L/min) for hose streams in excess of 
th e au to ma ti c sp ri n kl e r wate r d e in a n d . [430:2.1 1.4. 1 | 

13.27.1.2.2 D u ra ti o n of th e wa te v*u p p 1 v s h a 1 1 be a m i n i m u m 
of 2 hours. [430:2.11.4.2] 

13.27.1.3 Class 1 Oxidizers. Class 1 oxidizers in noncombus- 
tible or combustible containers (paper bags or noncombustible 
containers with removable combustible liners) shall be desig- 
nated as a Class 1 commodity; as a Class 2 commodity where 
contained in fiber packs or noncombustible containers in coin- 
bus ti ble packagi n g; an cl as a C 1 ass 3 co m mod i ty w h e i e co n ta i n ed 
in pias ti c con tai n e rs. [430: 3 .3.2] 

13.27.1.4 Class 2 Oxidizers. 

1 3 . 2 7 . 1 .4. 1 * S pr i n kl e r p r o te c ti o n fo r C 1 ass 2 o x i d i ze rs s h a 1 1 be 
designed in accordance with Table 13.27.1.4.1. 1 430:4.4.1] 

13.27.1.4.2 Storage Protection with In-Rack Sprinklers. In- 

rack sprinkle rs s h a 1 1 be d es i g n e d to p rovi d e 3 ps i (2.1 bar ) o n 
the hydraulically most remote six sprinklers on each level. 
[430:4,4.4, 4.4,4 J] 

13.27.1.5 Class 3 Oxidizers. 

1 3 . 2 7 . 1 . 5 . 1 * S p i i nkl e r p ro te c ti o n f o r C 1 ass 3 ox i d i ze rs s h a 1 1 be 
design ed i n a ceo i da n ce witli Table 13.27.1.5. 1 . [430:5 . 4. 1 J 

13.27.1.5.2 Where more than 200 lb but less than 2300 lb of 
Class 3 oxidizers are stored in racks, height of such storage shall 
be limited to 6 ft, and a level of in-rack sprinklers spaced at maxi- 
m mn 8-f t i n te rval s s h al 1 be p rovi d e d ove i ' e a ch le ve 1 of s to i age . 

13.27.1.5.3 Storage Protection with In-Rack Sprinklers. 1 li- 
ra c k sp i i nkl e rs s h a 1 1 be d e s i gne d to p i ov i d e 30 ps i (2.1 1 :>a r ) o n 
the hydraulically most remote six sprinklers on each level. 
[430:5.4.4, 5.4.4! 1] 

13.27.1.6 Class 4 Oxidizers. Sprinkler protection for Class 4 
oxidizers shall be installed on a deluge sprinkler system to 
p rovi d e wa te r d e n s i ty o f . 3 5 g p in ( 1 4 . 3 m m / m i 11 ) ove r th e 
entire storage area. [430:6.4.1] 

13.27.2* Installation Requirements. See NFPA 430, Code for the 
Storage of Liquid and Solid Oxidizers. 



2002 Edition 



13-180 



INSTALLATION OF SPRINKLER SYSTEMS 



Table 13.27.1.4.1 Sprinkler Protection for Class 2 Oxidizers 



Ceiling Sprinklers 





Storage Height 


Density 


Area of Application 


Type of Storage 


ft 


m 


gpm/ft 2 L/min/m 2 


ft 2 m 2 


Palletized or bulk 
Palletized or bulk 
Rack 


8 
12 
12 


2.4 
3.7 

3.7 


0.20 8 
0.35 14 
0.20 8 


3750 348 
3750 348 
3750 348 



In-Rack Sprinklers 



Rack 



4.9 



0.30 



12 



One line above each level of 

storage except the top level 

2000 186 One line above each level of 

storage except the top level 



Table 13.27.1.5.1 Sprinkler Protection for Class 3 Oxidizers [430:Table 5.4.1] 







Storage Height 
ft m 


Density 


Area of 
Application 


Type of Storage 


gpm/ft 2 L/min/m 2 


ft 2 m 2 


Palletized or bulk 
Palletized rack or bulk 
Rack 


5 

10 
10 


1.5 

3 

3 


0.35 14 
0.65 26 
0.35 14 


5000 465 
5000 465 
5000 465 



In-Rack Sprinklers 



1 level at midpoint of rack 



13.28 Storage of Organic Peroxide Formulations. 

13.28.1 Design Requirements. 

13.28.1.1 Where [automatic sprinkler systems are required 
per NFPA 432, Code for the Storage of Organic Peroxide Formula- 
tions, t h ey ] s hall p ro vi d e th e f o 1 1 owi n g cl isc h arge de ns i ti es : 



Class 1 [organic peroxides] — 0.5 gpm/ft 2 (20. 4 mm/min) 

Class 11 [organic peroxides] — 0.4 gpm/ft 2 (16.3 mm/min) 

Class III [organic peroxides] — 0.3 gpm/ft 2 

(12.2 mm/min) 

Class IV [organic peroxides] — 0.25 gpm/ft 2 

(10.2 mm/min) [432:2.8.2] 



13.28.1.2 The system shall be designed to provide the re- 
quired density over a 3000-ft 2 (279-m 2 ) area for areas pro- 
tected by a wet pipe sprinkler system or 3900 ft 2 (363 m 2 ) for 
areas protected by a dry pipe sprinkler system. The entire area 
of any building of less than 3000 ft 2 (279 m 2 ) shall be used as 
the area of application. [432:2.8.2.1] 

13.28.1.3 Sprinkler System Water Supply. Water supplies for 
automatic sprinkler systems, fire hydrants, and so forth, shall 
be capable of supplying the anticipated demand for at: least 
90 minutes. [432:2.8.3]* 

13.28.1.4 Detached Storage of Class I Organic Peroxide For- 
mulations. Sprinkler protection for Class I organic peroxide 
formulations in quantities exceeding 2000 lb (908 kg) in de- 
tached storage shall be of the deluge type. [432:5.5.2] 

13.28.2 Installation Requirements. Where automatic sprin- 
k 1 e r p r o te c t i o n i s p r o vi d e cl f o r C I ass 1 o rga n i c p e r ox i d e f o r m il- 
lations in quantities exceeding 2000 lb (907 kg), it shall be a 
deluge system. [432:5.5.2] 



13.29 Advanced Light Water Reactor Electric Generating Plants. 

13.29.1 Design Requirements. 

13.29.1.1* Sprinkler System Water Supply. The fire water sup- 
ply shall be calculated on the basis of the largest expected 
flow rate for a period of 2 hours, but shall not be less than 
300,000 gal (1,135,500 L). This flow rate shall be based on 
500 gpm (1892.5 L/min) for manual hose streams plus the 
largest design demand of any sprinkler system. The fire wa- 
ter supply shall be capable of delivering this design demand 
with the bydraulically least demanding portion of fire main 
loop out of service. [804:7.2.1] 

13.29.1.2 Yard Mains. The underground yard fire main loop 
shall be installed to furnish anticipated water requirements. The 
type of pipe and water treatment shall be design considerations, 
with tuberculation as one of die parameters. Means for inspect- 
ing and flushing the systems shall be provided. [804:7.4.1] 

13.29.1.3 Cable Tunnels. [804:8.4.2] 

13.29.1.3.1 Automatic sprinkler systems shall be designed for 
a d ensi ty of . 3 gpm /ft 2 ( 1 2 . 2 m m / m i n ) f o r th e m os t rem o te 
100 linear feet (30.5 linear meters) of cable tunnel up to the 
most remote 2500 ft 2 (232.2 m 2 ). [804:8.4.2.2.1] 

13.29.1.3.2 Deluge sprinkler systems or deluge spray systems 
shall be zoned to limit the area of protection to that which the 
drainage system can handle with any two adjacent systems actu- 
ated. The systems shall be hydraulically designed with each zone 
calculated with the largest adjacent zone flowing. [804:8.4.2.2.3] 

13.29.1.4 Cable Spreading Room. The cable spreading room 
shall have an automatic water-based suppression system. The 
location of sprinklers or spray nozzles shall consider cable tray 
arrangements to ensure adequate water coverage for areas 
that could present exposure fire hazards to the cable raceways. 
Automatic sprinkler systems shall be designed for a density of 
0.30 gpm/ft 2 (12.2 L/min -m 2 ) over the most remote 2500 ft 2 
(232.2 m 2 ). [804:8.4.1.1] 
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13.29.1.5* Beneath Turbine Generator Operating Floor. All 

areas beneath the turbine generator operating floor shall be 
protected by an automatic sprinkler or foam-water sprinkler 
system. The sprinkler system beneath the turbine generator 
shall take into consideration obstructions from structural 
members and piping and shall be designed to a minimum 
density of 0.3 gpm/ft~ (12.2 mm/min) over a minimum appli- 
cation of 5000 ft 2 (464.5 m 2 ). [804:8.8.2.1] 

13.29.1.6* Turbine Generator Bearings. 

13.29.1.6.1 Lu bri c ati n g o i 1 lines above th e tu r bi n e o pe rati n g 
floor shall be protected with an automatic sprinkler system 
covering those areas subject to oil accumulation, including 
the area within the turbine lagging (skirt). The automatic 
sprinkler system shall be designed to a minimum density of 
0.30 gpm/ft 2 (12.2 mm/min).' [804:8.8.4] 

13.29. 1 .6.2 If shaft-d riven ven ti lation systems are used, an au- 
tomatic p reaction sprinkler system providing a density of 
0. 3 gp m / ft 2 (12.2 m m / m i n ) over th e e nti re area shal 1 be p ro- 
vided. [804:8.8.6] 

13.29.1.7 Standby Emergency Diesel Generators and Com- 
bustion Turbines. Sprinkler and water spray protection sys- 
tems shall be designed for a 0.25-gpm/ft 2 (10.2-mm/min) 
density over the entire area. [804:8.9.2] 

13.29.1.8 Fire Pump Room/House. If sprinkler and water 
spray systems are provided for fire pump houses, they shall 
be designed for a minimum density of 0.25 gpm/ft" 
(10.2 mm/min) over the entire fire area. [804:8,22] 

13.29.1.9 Oil-Fired Boilers. Sprinkler and water spray systems 
shall be designed for a minimum density of 0.25 gpm/ft 2 
(10.2 mm/min) over the entire area. [804:8.24.2] 

13.29.2 Installation Requirements. 

13.29.2.1 Yard Mains, Hydrants, and Building Standpipes. 

[804:7.4] 

13.29.2.1.1 Approved visually indicating sectional control 
valves such as post-indicator valves shall be provided to isolate 
portions of the main for maintenance or repair without simul- 
tan e ous ly s h u tti n g off th e s u p p 1 y to bo th p ri m aiy an d backu p 
fire suppression systems. [804:7.4.2] 

13.29.2.1.2* Sectional control valves shall permit maintaining 
independence of the individual loop around each unit. For 
such installations, common water supplies shall also be per- 
mitted to be utilized. For multiple-reactor sites with widely 
s e para ted pi a n ts [ ap p roach inglmi. (1.6k m ) o r mo re ] , se p a- 
rate yard fire main loops shall be used. [804:7.4.4] 

13.29.2.1.3 Sprinkler systems and manual hose station stand- 
pipes shall have connections to the plant underground water 
main so that a single active failure or a crack in a moderate- 
energy line can be isolated so as not to impair both the pri- 
m a ry a n d back u p f i re s u p p ress i o n sys te m s . Al te r na tively, h e ad- 
ers fed from each end are permitted inside buildings to supply 
both sprinkler and stand pipe systems, provided steel piping 
and fi tti n gs in ee ti n g th e re qu i rem e n ts of ANSI/ AS ME B 3 1 . 1 , 
Code for Power Piping, are used for the headers (up to and in- 
cluding the first valve) supplying the sprinkler systems where 
such headers are part of the seismically analyzed hose stand- 
pipe system. Where provided, such headers are considered an 
extension of the yard main system. Each sprinkler and stand- 
pipe system shall be equipped with an outside screw and yoke 
(OS&Y) gate valve or other approved shutoff valve. [804:7.4.7] 



13.29.2.2 Cable Concentrations. Th e 1 oca do n of spri n kl e rs or 
spray n ozzl es sh al 1 co n si d e r cabl e a rray ar ra n ge m e n ts a n d pos- 
sible transient combustibles to ensure adequate water cover- 
age for areas that could present exposure (ire hazards to the 
cable raceways. [804:8.4.2.2.2] 

13.29.2.3 Turbine Building. Deluge sprinkler systems or del- 
uge spray systems shall be zoned to limit the area of protection 
to that which the drainage system can handle with any two 
adjacent systems actuated. The systems shall be hydraulically 
designed with each zone calculated with the largest adjacent 
zone flowing. [804:8.4.2.2.3] 

13.30 Light Water Nuclear Power Plants. 

13.30.1* Design Requirements. A fire protection water supply 
of adequate reliability, quantity, and duration shall be pro- 
vided by one of the two following methods: 

( 1 ) P rovi d e a fi re pro tec ti on wa te r su p p 1 y oi : n o t; 1 ess th an two 
separate 300,000-gal (1,135,500-L) supplies. 

(2) Calculate the fire flow rate for 2 hours. This fire flow rate 
shall be based on 500 gpm (1892.5 L/min) for manual 
hose streams plus the largest design demand of any sprin- 
kler or fixed water spray system (s) in the power block as 
determinedi n acco rd a n ce w i th N F PA 1 3 o r N FPA 1 5 , Stan- 
dard for Water Spray Fixed Systems for Fire Protection. The fire 
water supply shall be capable of delivering this design de- 
mand with the hydraulically least demanding portion of 
fire main loop out of service. 

[805:3.5.1] 

13.30.2 Installation Requirements. (Reserved) 

13.31 Electric Generating Plants and High Voltage Direct Cur- 
rent Converter Stations. [NFPA 850] 

13.31.1* Design Requirements. 

13.31.2* Installation Requirements. 

13.32 Hydroelectric Generating Plants. [NFPA 851] 
13.32.1* Design Requirements. 

13.32.2* Installation Requirements. 

13.33 Fire Protection in Places of Worship. [NFPA 909] 
13.33.1* Design Requirements. 

13.33.2 Installation Requirements. (Reserved) 



Chapter 14 Plans and Calculations 

14.1* Working Plans. 

14.1.1* Working plans shall be submitted for approval to the 
authority having jurisdiction before any equipment is installed 
or remodeled. 

14.1.2 Deviation from approved plans shall require permis- 
sion of the authority having jurisdiction. 

14.1.3 Working plans shall be drawn to an indicated scale, on 
sheets of uniform size, with a plan of "each floor, and shall show 
those items from the following list that pertain to the design of 
the system: 

( 1 ) Nam e of own e r an d o ecu pa n t 

( 2 ) Loca tio n , i n c 1 ud i n g s tree t ad d ress 

( 3 ) Poi n t of co m pass 
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(4) Full height cross section, or schematic diagram, includ- 
i n g sti u c tu ral in e m be r i nf o rm ati on if req ui red for clari ty 
and including ceiling construction and method of pro- 
tection for nonmetallic piping 

( 5 ) Loca ti o n of parti ti on s 

(6) Location of fire walls 

( 7 ) Occ u p an cy c 1 ass o f e ach are a or room 

(8) Location and size of concealed spaces, closets, attics, and 
bathrooms 

(9) Any small enclosures in which no sprinklers are to be 
installed 

(10) Size of city main in street and whether dead end or cir- 
culating; if dead end, direction and distance to nearest 
circulating main; and city main test results and system 
elevation relative to test hydrant (see A. 1 5.1.8). 

( 1 1 ) O th e r so urces of water su p ply, wi th pressu re or elevation 

(12) M ake , typ e , m od e 1 , an d n om i n a 1 K-f ac to r of s p ri n k .1 e rs 
i n c 1 u d i n g sp r i n k 1 e ride n ti fi ca ti on number 

(13) Temperature rating and location of high-temperature 
sprinklers 

(14) Total area protected by each system on each floor 

(15) Number of sprinklers on each riser per floor 

( 1 6 ) To tal n 1 1 m be r of spr i n k 1 e rs o n eac h d ry p i pe sys te m , p re- 
action system, combined dry pipe-preaction system, or 
deluge system 

( 1 7 ) App r ox i in ate capac i ty i n gal 1 on s of each dry pipe sys te m 

(18) Pipe type and schedule of wall thickness 

(19) No m i n a 1 p i pe si ze a n d c u tti n g 1 e ng th s of pi pe (or cen te r- 
to-center dimensions). Where typical branch lines pre- 
vail, it shall be necessary to size only one typical line 

(20) Location and size of riser nipples 

(21) Type of fittings and joints and location of all welds and 
ben d s . T h e c o n tra cto r sh al 1 spec ify o n d rawi n g any sec- 
tions to be shop welded and the type of fittings or forma- 
tions to be used 

(22) Type and locations of hangers, sleeves, braces, and meth- 
ods of securing sprinklers when applicable 

(23) All control valves, check valves, drain pipes, and test con- 
nections 

(24) Make, type, model, and size of alarm or dry pipe valve 

( 25 ) Make , type , m od e fan d s i ze of p reach on or d eluge valve 

(26) Kind and location of alarm bells 

(27) Size and location of stand pipe risers, hose outlets, hand 
hose, monitor nozzles, and related equipment 

(28) P r i va te .1 i re s e rv i c e m a i . n s i z e s , 1 e n g ths , 1 o c a ti o n s , we igh ts , 
materials, point of connection to city main; the sizes, 
typ e s a n d 1 o c a t i o n s of va 1 ve s , va 1 ve i n d i ca to rs , re g u 1 ato rs , 
meters, and valve pits; and the depth that the top of the 
pipe is laid below grade 

( 29 ) Pi pin g provisi o n s fo r flush i ng 

(30) Where the equipment is to be installed as an addition to 
an existing system, enough of the existing system indi- 
cated on the plans to make all conditions clear 

(31) For hydraulically designed systems, the information on 
the hydraulic data nameplate 

( 32 ) A g rap h i c rep rese n tatio n of th e seal e use d on al 1 plans 

( 33 ) Na m e and add ress of con tractor 

(34) Hydraulic reference points shown on the plan that cor- 
respond with comparable reference points on the hy- 
draulic calculation sheets 

(35) The minimum rate of water application (density), the 
design area of water application, in-rack sprinkler de- 
mand, and the water required for hose streams both in- 
side and outside 



(36) The total quantity of water and the pressure required 
noted at a common reference point for each system 

(37) Relative elevations of sprinklers, junction points, and 
supply or reference points 

(38) If room design method is used, all unprotected wall 
openings throughout the floor protected 

(39) Calculation of loads for sizing and details of sway bracing 

(40) The setting for pressure-reducing valves 

(41) 1 n fo rm ati o n a bo u t backfl ow p reve n ters ( m an u fa c tu rer, 
size, type) 

(42) Information about antifreeze solution used (type and 
amount) 

(43) Size and location of hydrants, showing size and number 
of outlets and if outlets are to be equipped with indepen- 
dent gate valves. Whether hose houses and equipment 
are to be provided, and by whom, shall be indicated. 
Static and residual hydrants that were used in flow tests 
shall be shown 

(44) Size, location, and piping arrangement of fire depart- 
ment connections 

14.1.4 The working plan submittal shall include the manu- 
facturer's installation instructions for any specially listed 
equipment, including descriptions, applications, and limita- 
tions for any sprinklers, devices, piping, or fittings. 

14.1.5* Working Plans for Automatic Sprinkler Systems with 
Non-Fire Protection Connections. Special symbols shall be 
used and explained for auxiliary piping, pumps, heat ex- 
changers, valves, strainers, and the like, clearly distinguishing 
these devices and piping runs from those of the sprinkler sys- 
tem. Model number, type, and manufacturer's name shall be 
identified for each piece of auxiliary equipment. 

14.2 Water Supply Information. 

14.2.1 Water Supply Capacity Information. The following in- 
formation shall be included: 

(1) Location and elevation of static and residual test gauge 
wi th re 1 ati on to th e rise r ref e re nc e po i n t 

(2) Flow location 

(3) Static pressure, psi (bar) 

(4) Residual pressure, psi (bar) 

(5) Flow, gpm (L/min) 

(6) Date " 

(7) Time 

(8) Test conducted by or information supplied by 

(9) Other sources of water supply, with pressure or elevation 

14.2.2 Water Supply Treatment Information. The following 
information shall be included where required by 15.1.5: 

(1) Type of condition that requires treatment 

( 2 ) Typ e of treatm e n t n ee d e d to ad d re ss th e p ro b 1 em 

(3) Details of treatment plan 

14.3 Hydraulic Calculation Forms. 

14.3.1 General. Hydraulic calculations shall be prepared on 
form sheets that include a summary sheet, detailed work- 
sheets, and a graph sheet. [See copies of typical forms in Figure 
A. 143. 2(a), figure A. 143.3, and Figure A. 143.4.) 

14.3.2* Summary Sheet. The summary sheet shall contain the 
following information, where applicable: 

(1) Date 

(2) Location 

(3) Name of owner and occupant 
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( 4 ) Bu i 1 d i n g n u m be r o r o th e r i d e n ti fi cation 

(5) Description of hazard 

(6) Name and address of contractor or designer 

( 7 ) Nam e of ap p rovi n g age ncy 

(8) System design requirements, as follows: 

(a) Design area of water application, ft 2 (nr) 

(b) Minimum rate of water application (density), gpm/ft" 
(mm/min) 

( c ) Area pe r sp ri n kl e r, ft 2 ( in 2 ) 

( 9 ) Total wate r requ i re m e n ts as calculated , i n eluding all ow- 
an ce f o r i n s i de h os e , on ts i d e hyd ran ts , an d water c urtai n 
and exposure sprinklers 

(10) All owa n ce f o r i n - rack s p ri n k 1 e rs , g p m ( L/ m in ) 

(11) Limitations (dimension, (low, and pressure) on ex- 
te n ded cove rage o r o th e r 1 is ted s pecial spri n kle rs 

14.3.3 * Detailed Worksheets. Detailed worksheets or com- 
puter printout sheets shall contain the following information: 

(1) Sheet number 

(2) Sprinkler description and discharge constant (K) 

(3) Hydraulic reference points 

(4) Flow in gpm (L/min) 

(5) Pipe size 

( 6 ) P ipe 1 e n gth s , ce n te r- to-cen te r o f fi tti n gs 

( 7 ) Eq u i vale n t p i pe 1 e n g th s fo r fi tti ngs an d devi ces 

(8) Friction loss in psi/ ft (bar/m) of pipe 

(9) Total friction loss between reference points 

(10) In-rack sprinkler demand balanced to ceiling demand 

(11) Elevation head in psi (bar) between reference points 

(12) Required pressure in psi (bar) at each reference point 

(13) Velocity pressure and normal pressure if included in cal- 
culations 

(14) Notes to indicate starting points or reference to other 
sheets or to clarify data shown 

( 1 5) * Diagram to accompany gridded system calculations to 

indicate flow quantities and directions for lines with 
sp ri n kl e rs o pe rati ng i n th e re m o te area 

(16) Co mb i n ed K-fac to r cal c u la ti ons fo r s p r i n k 1 e rs on d rops , 
arm overs, or sprigs where calculations do not begin at 
the sprinkler 

14.3.4* Graph Sheet. A graphic representation of the complete 
hydraulic calculation shall be plotted on semiexponential graph 
paper (Q 1 S; ') and shall include the following: 

( 1 ) Water supply curve 

( 2 ) S p ri n kl e r sys te m d e m an d 

(3) Hose demand (where applicable) 

(4) In-rack sprinkler demand (where applicable) 

14.4 Hydraulic Calculation Procedures. 
14.4. 1* General. 

14.4.1.1 A c al c u 1 a ted syste m f o r a bu i 1 d i ng, o r a cal cu 1 ate d 
addition to a system in an existing sprinkle red building, shall 
supersede the rules in this standard governing pipe schedules, 
except that all systems shall continue to be limited by area. 

14.4.1.2 Pipe sizes shall be no less than 1 in. (25.4 mm) nomi- 
nal for ferrous piping and ¥\ in. (19 mm) nominal for copper 
tubing or n on metallic piping listed for fire sprinkler service. 

14.4.1.3 The size of pipe, number of sprinklers per branch 
line, and number of branch lines per cross main shall other- 
wise be limited only by the available water supply. 

14.4.1.4 However, sprinkler spacing and all other rules cov- 
ered in this and other applicable standards shall be observed. 



14.4.2 Formulas. 

14.4.2.1 Friction Loss Formula. 

14.4.2.1.1 P i p e f r i c ti o n 1 osses s h al 1 be d e te rm i n e d o n th e ba- 
sis of the Hazen-Williams formula, as follows: 



p- 



4.52Q' M 



where: 

p = frictional resistance in psi per foot of pipe 
(2 = flow in gpm 
C = friction loss coefficient 
d = actual internal diameter of pipe in inches 

14.4.2.1.2 For SI units, the following equation shall be used: 



p m = 6.05 



C ,J V' 



.0 :> 



where: 

p m - frictional resistance in bar per meter of pipe 

Q tn - flow in L/min 

C = friction loss coefficient 
d m = actual internal diameter in mm 

14.4.2.2 Velocity Pressure Formula. Velocity pressure shall be 
determined on the basis of the following formula: 



P 



0.001 123Q 2 
D 4 



where: 

P 7I = velocity pressure in psi (SI: 1 psi = 0.0689 bar) 
Q = flow in gpm (SI : 1 gal - 3.785 L) 
D - inside di am e te r i n i n ch es ( SI : 1 i n . = 25.4 m m ) 

14.4.2.3 Normal Pressure Formula. Normal pressure (P 7t ) 
shall be determined on the basis of the following formula: 

P n =P l -P v 

where: 

P n = normal pressure 
P, ~ total pressure in psi (bar) 
P r , = velocity pressure in psi (bar) 

14.4.2.4 Hydraulic Junction Points, 

14.4.2.4.1 Pressures at hydraulic junction points shall bal- 
ance within 0.5 psi (0.03 bar). 

14.4.2.4.2 Th e h igh est press u re a t the j u n ctio n po i n t, a n d th e 
total flows as adjusted, shall be carried into the calculations. 

14.4.2.4.3 Pressure balancing shall be permitted through the 
use of a K-fac tor developed for branch lines or portions of 
sys te m s usi n g K. = QJ (p) i} ' r \ 

14.4.3 Equivalent Pipe Lengths of Valves and Fittings. 

14.4.3.1 Pipe and Fittings. 

14.4.3.1.1 Table 14.4.3.1.1 shall be used to determine the 
e q u t val e n 1 1 e n g th of p i p e f o r fi tti n gs a n d d e v i c e s u n 1 e s s m a n u - 
fac ture r ' s tes t d ata in d i ca te tha t o th e r fac to rs a re ap p ro p r i a te . 

14.4.3.1.2 For saddle-type fittings having friction loss greater 
than that shown in Table 14.4.3.1.1, the increased friction loss 
shall be included in hydraulic calculations. 
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Table 14.4.3.1.1 Equivalent Schedule 40 Steel Pipe Length Chart 



Fittings and Valves Expressed in Equivalent Feet of Pipe 



Fittings and 
Valves 



Vi in. Ki in. 



1 in. 1 14 in. 1 y A in. 2 in. tVt in. 3 in. 3 1 /* in. 



4 in. 



5 in. 



6 in. 



8 in. 



For SI units, 1 in. - 25.4 nun; I it = 0.3048 m. 

N o te : In f o r m a ti o n o i i Vx -in. pipe is included in th i s ta b I e o n 1 y becau s e i t is a 1 1 owe d u n d e r 8 . 1 A - . 1 9 . 3 a n cl 8.14. 1 9 . 4 . 

' D u e to t It e va nation in d e s i g 1 1 of s w i n g c h e c k va I ve s , the pipe e q u i val e n ts i n d i c a te d in this tab I e a re c; o ns i d e re d ave rage . 



10 in. 12 in. 



45° elbow 


— 


1 


1 


.1 


2 


2 


3 


3 


3 


4 


5 


7 


9 


11 


13 


90° standard 
elbow 


1 


9 


9 


3 


4 


5 


i) 


7 


8 


10 


12 


14 


18 


22 


27 


90° long-turn 
elbow 


0.5 


1 


2 


2 


2 


3 


4 


5 


5 


6 


8 


9 


13 


16 


.18 


Tee or cross (flow 
turned 90°) 


3 


4 


5 


6 


8 


10 


.12 


15 


17 


20 


25 


30 


35 


50 


60 


Butterfly valve 


__ 


__ 


— 


— 


— 


6 


7 


10 


— 


12 


9 


10 


12 


19 


21 


Gate valve 


— 


— 


__ 


— 


— 


1 


1 


1 


1 


2 


2 


3 


4 


5 


6 


Swing check*' 


■— 


— 


5 


7 


9 


11 


14 


16 


19 


22 


27 


32 


45 


55 


65 



14.4.3.1.3 Equivalent Feet Modifier. 

14.4.3.1.3.1 For internal pipe diameters different from 
Schedule 40 steel pipe, the equivalent feet shown in Table 
1 4.4.3.1. 1 shall be m u 1 1 i p lied by a fac tor de ri ve d fro m th e f oh 
lowing formula: 



Ac liia 1 i n si de d i am e ter 



Schedule 40 steel pipe inside diameter 



= Factor 



14.4.3.1.3.2 The factor thus obtained shall be further modi- 
fied as required by Table 14.4.3.1.1. This table shall apply to 
other types of pipe listed in Table 14.4.3.1.1 only where modi- 
fied by' factors from 14.4.3.1.1 and 14.4.3.2. 

14.4.3.2 (^Factors. Table 14.4.3.1.1 shall be used with a 
Hazen-Wi Hiatus C factor of 120 only. For other values of C, the 
values in Table 14.4.3.1.1 shall be multiplied by the factors 
indicated in Table 14.4.3.2. 



Table 14.4.3.2 C Value Multiplier 



Value of C 100 


.1 30 


140 


150 


Multiplying 0.713 


1.16 


1.33 


1.51 


factor 









Note: Tli esc factors are based upon the friction loss through the fit- 
ti n g be i n g i n cl e pe n de n t of th e C fa c to r ava i I abl e to th e piping. 



14.4.3.3 Valves. Specific friction loss values or equivalent pipe 
lengths for alarm valves, dry pipe valves, deluge valves, strain- 
e rs , an d o th e r d e vi ce s s hall be m ad e ava i 1 abl e to th e an thori ty 
having jurisdiction. 

14.4.3.4 Differing Values. Specific friction loss values or 
equivalent pipe lengths for listed fittings not in Table 6.4.1 
shall be used in hydraulic calculations where these losses or 
equivalent pipe lengths are different from those shown in 
Table 14.4.3.1.1. 



14.4.4* Calculation Procedure. 

14.4.4.1* For all systems the design area shall be the hydrauli- 
cally most demanding based on the criteria of Chapter 11, 
Chapter 12, or the special design approaches in accordance 
wi th th e req u ireme n ts of Ch ap te r 1 3 . 

14.4.4.1.1 Density-Area Method. 

14.4.4.1.1.1 Where the design is based on the density-area 
method, the design area shall be a rectangular area having a 
dimension parallel to the branch lines at least 1.2 times the 
square root of the area of sprinkler operation (A) used, which 
shall permit the inclusion of sprinklers on both sides of the 
cross main. 

14.4.4.1.1.2 Any fractional sprinkler shall be carried to the 
next higher whole sprinkler. 

14.4.4.1.1.3 In systems having branch lines with an insuffi- 
c i e n t nu m ber of sp rin k! e rs to fulfil 1 the 1 .2 re q u ireme n t, th e 
design area shall be extended to include sprinklers on adja- 
cent branch lines supplied by the same cross main. 

14.4.4.1.2 Room Design Method. Where the design is based 
on the room design method, the calculation shall be based on 
the room and communicating space, if any, that is hydrauli- 
ca I ly the m os t: de m an d i n g . (See J 1.2.3.3.) 

14.4.4.2* Gridded Systems. 

14.4.4.2.1 For gridded systems, the designer shall verify that 
the hydraulically most demanding area is being used. 

14.4.4.2.2 A minimum of two additional sets of calculations 
shall be submitted to demonstrate peaking of demand area 
friction loss when compared to areas immediately adjacent on 
either side along the same branch lines, unless the require- 
ments of 14.4.4.2.3 are met. 

14.4.4.2.3 Computer programs that show the peaking of the 
demand area friction loss shall be acceptable based on a single 
set of calculations. 

14.4.4.3 Design Densities. 

14.4.4.3.1 Sys te m p i p i n g s h all b e h yd ran I i ca 1 1 y d e si g n e d u s- 
ing design densities and areas of operation in accordance 
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with 1 1.2.3.2 or Chapter 12 as required for the occupancies 
or hazards involved. 

14.4.4.3.2* The density shall be calculated on the basis of floor 
area of sprinkler operation. 

14.4.4.3.3 The area covered by any sprinkler used in hydrau- 
lic design and calculations shall be the horizontal distances 
measured between the sprinklers on the branch line and be- 
tween the branch lines in accordance with 8.5.2. 

14.4.4.3.4* Where sprinklers are installed above and below a 
ceiling or in a case where more than two areas are supplied 
from a common set of branch lines, the branch lines and sup- 
plies shall be calculated to supply the largest water demand. 

14.4.4.4* Design Area Sprinklers. 

14.4.4.4.1 Each sprinkler in the design area and the remainder 
of the hydraulically designed system shall discharge at a flow rate 
at least equal to the stipulated minimum water application rate 
(density) multiplied by the area of sprinkler operation. 

14.4.4.4.2 The requirements of 14.4.4.4.1 to include every 
sprinkler in the design area to be included in the system 
discharge shall not apply and where the area of application 
is equal to or greater than the minimum allowable area of 
Figure 11.2.3.1.5 for the appropriate hazard classification 
(including a 30 percent increase for dry pipe systems), 
sprinkler discharge in closets, washrooms, and similar small 
compartments requiring only one sprinkler shall be permit- 
ted to be omitted from hydraulic calculations within the 
area of application. Sprinklers in these small compartments 
shall, however, be capable of discharging minimum densi- 
ties in accordance with Figure 11.2.3.1.5. 

14.4.4.4.3 The requirements of 1 4.4.4.4. 1 to include every 
sprinkler in the design area to be included in the system 
discharge shall not apply and where spray sprinklers and 
large drop sprinklers are provided above and below ob- 
structions such as wide ducts or tables, the water supply for 
one of the levels of sprinklers shall be permitted to be omit- 
ted from the hydraulic ceiling design calculations within 
the area of application. 

14.4.4.4.4 The requirements of 14.4.4.4.1 to include every 
sprinkler in the design area to be included in the system dis- 
charge shall not apply, and where ESFR sprinklers are in- 
stalled above and below obstructions, the discharge for up to 
two sprinklers from one of the levels shall be included with 
those of the other level in the hydraulic calculation. 

14.4.4.4.5 Calculations shall begin at the hydraulically most 
remote sprinkler. 

14.4.4.4.6 The calculated pressure at each sprinkler shall be 
used to determine the discharge flow rate for that particular 
sprinkler. 

14.4.4.5 Friction Loss. Pipe friction loss shall be calculated in 
accordance with the Haze n-Wil hams formula with C values 
from Table 14.4.4.5, as follows: 

(1) Include pipe, fittings, and devices such as valves, meters, 
flow switches in pipes 2 in. or less in size, and strainers, 
and calculate elevation changes that affect the sprinkler 
discharge. 

(2) Tie-in drain piping shall not be included in the hydraulic 
calculations. 

(3) Calculate the loss for a tee or a cross where flow direc- 
tion change occurs based on the equivalent pipe length 
of the piping segment in which the fitting is included. 



(4) The tee at the top of a riser nipple shall be included in 
the branch line, the tee at the base of a riser nipple shall 
be included in the riser nipple, and the tee or cross at a 
cross main-feed main junction shall be included in the 
cross main. 

(5) Do not include fitting loss for straight-through flow in a 
tee or cross. 

(6) Calculate the loss of reducing elbows based on the 
equivalent feet value of the smallest outlet. 

( 7 ) Use tli e equ ivalen t fee t valu e for th e s la n darcl el bow o n any 
abrupt 90-degree turn, such as the screw-type pattern. 

(8) Use the equivalent feet value for the long-turn elbow on 
any sweeping 90-degree turn, .such as a flanged, welded, 
o r m e ch an ical j o i n t-el bow ty p e . (See Table 1 4. 4. 3.1.1.) 

(9) Friction loss shall be excluded for the fitting directly 
connected to a sprinkler. 

(10) Losses through a pressure-reducing valve shall be in- 
cluded based on the normal inlet pressure condition. 
Pressure loss data from the manufacturer's literature 
shall be used. 



Table 14.4.4.5 Hazen-Williams C Values 



Pipe or Tube 



C Value* 



Unlined cast or ductile iron 

Black steel (dry systems 

including preaction) 

Black steel (wet systems 

including deluge) 

Galvanized (all) 

Plastic (listed) all 

Cement-lined cast or ductile 

iron 
Copper tube or stainless steel 
Asbestos cement 
Concrete 



100 
100 

1.20 

120 
150 
140 

150 
140 
140 



The authority having jurisdiction is per mil ted to consider other C 
values. 



14.4.4.6* Orifice Plates. 

14.4.4.6.1 Unless the requirements of 14.4.4.6.2 or 14.4.4.6.3 
are met, orifice plates or sprinklers of different orifice sizes 
shall not be used for balancing the system. 

14.4.4.6.2 Sprinklers with different orifice sizes shall be ac- 
ceptable for special use such as exposure protection, small 
rooms or enclosures, or directional discharge. (See 33.20 for 
definition of small rooms.) 

14.4.4.6.3 Extended-coverage sprinklers with a different ori- 
fice size shall be acceptable for part of the protection area 
where installed in accordance with their listing. 

14.4.4.7* Pressures. 

14.4.4.7.1 When calculating flow from an orifice, the total 
pressure (P,) shall be used, unless the calculation method of 

14.4.4.7.2 is utilized. 

14.4.4.7.2 Use of the normal pressure (P.J calculated by sub- 
tracting the velocity pressure from the total pressure shall be 
permitted. Where the normal pressure is used, it shall be used 
on all branch lines and cross mains where applicable. 
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14.4.4.7.3 Fl ow ( to t \ i a spri n kle r s h a 1 1 be ca 1 cu la ted usi n g th e 
nominal K-l actor. 

14.4.4.8 Minimum Operating Pressure. 

14.4.4.8.1 Minim u in o p e ra ti n g p r ess i 1 1 e of an y s p r i n kle r s h a 1 1 
be 7 psi (0.5 bar). 

14.4.4.8.2 Where a higher minimum operating pressure for 
the desired application is specified in the listing of the sprin- 
k 1 e r, this hi g h e r p i ess u re s ha 1 1 be req u i red . 

14.4.4.9 Maximum Operating Pressure. For extra hazard occu- 
pancies, palletized, solid-pile, in bin box, on shelf storage, the 
rn ax iinum ope ra tin g pressure of a n y s p r in k 1 e r s h a 1 1 b e 1 75 psi . 

14.5 Pipe Schedules. Pipe schedules shall not be used, except 
i n e x i s t i n g s y s te m s a n d in n e w sy s t e m s o r e x te n s i o n s to existing 
systems described in Chapter II. Water supplies shall conform 
to 11.2.2. 

14.5.1* General. 

1 4.5.1. 1 Th e p i pe sc h e d u 1 e s i zi n g p i o vi s i o n s sh al 1 n o t apply 
to hydraulically calculated systems. 

14.5.1.2 S p r i n k 1 e i sy s te in s h avi n g s p n n k 1 e rs wi th K-f ac to rs 
other than 5.0 nominal, listed piping material other than 
that covered in Table 6.3.1.1, extra hazard Groups 1. and 2 
systems, and exposure protection systems shall be hydrauli- 
cally calculated. 

14.5.1.3 Tli e nu m be i * o f an to m a tic sp r i n k le rs o n a give n p i pe 
s i ze o n o i re 11 oo i ' s h a II n o t exce e d th e n u m be r give n i n 1 4 .5.2, 
14.5.3, or 14.5.4 Tor a given occupancy. 

14.5.1.4* Size of Risers. Each system riser shall be sized to 
supply all sprinklers on the riser on any one floor as deter- 
n i i ned by th e stan da id sch eel u I es o f pi pe si zes i n 14.5.2, 14.5.3, 
or 14.5.4. 

14.5.1.5 Slatted Floors, Large Floor Openings, Mezzanines, 
and Large Platforms. Buildings having slatted .floors or large 
unprotected floor openings without approved stops shall be 
treated as one area with reference to pipe sizes, and the feed 
mains or risers shall be of: the size required for the total num- 
ber of sprinklers. 

14.5.1.6 Stair Towers. Stairs, towers, or other construction 
with incomplete floors, if piped on independent risers, shall 
be treated as one area with reference to pipe sizes. 

14.5.2 Schedule for Light Hazard Occupancies. 

14.5.2.1 Branch Lines. 

14.5.2.1.1 Unless permitted by 14.5.2.1.2 or 14.5.2.1.3, 
b ra n c h 1 i n es s h a 1 1 n o t e x ce e d e i gh t sp ri n kl e rs on e i th e r s i d e of 
a cross main. 

14.5.2.1.2 Where more than eight sprinklers on a branch 
line are necessary, lines shall be permitted to be increased 
to nine sprinklers by making the two end lengths 1 in. 
(25.4 hid ) ) a n d 1 '/i. in. ( 3 3 m m ) , re s p e c t ive 1 y, a n d t h e s i ze s 
thereafter standard. 

14.5.2.1.3 Te n sp r i n kle rs s h al 1 be pe mi i tied to be p laced on a 
b ) a n c h 1 i n e , m a k i n g th e two e n cl le n gth s 1 in. (25.4 in m ) an d 
I l /i in. ( 3 3 i n rn ) , res pe c ti ve 1 y, a n d le ed i n g th e te n th spri n kle r 
by a 2 X A- in. ( (:> 4- m m ) pipe. 

14.5.2.2 Pipe Sizes. 

14.5.2.2.1 Pipe sizes .shall be in accordance with Table 
14.5.2.2.1. 



Table 14.5.2.2.1 Light Hazard Pipe Schedules 



Steel 


Copper 


1 in. 


2 sprinklers 


1 in. 


2 sprinklers 


H4in. 


3 sprinklers 


114 in. 


3 sprinklers 


l'/2in. 


5 sprinklers 


1/2 in. 


5 sprinklers 


2 in. 


10 sprinklers 


2 in. 


12 sprinklers 


2'/ain. 


30 sprinklers 


214 in. 


40 sprinklers 


3 in. 


60 sprinklers 


3 in. 


65 sprinklers 


3'/2 in. 


100 sprinklers 


3'/2.in. 


,115 sprinklers 


4 in. 


See Section 


4 in. 


See Section 




8.2 




8.2 



Fo r S I u n i is, 1 in. = 25 . 4 t n in . 

14.5.2.2.2 Each area requiring more sprinklers than the 
n u m ber specific d fo r 3 ] At-\ n . ( 89-m m ) pipe i n Ta bl e 14.5.2.2. 1 
a n d wi th o u t su bd ivi ding parti ti o n s (not n e cessar i ly fi re wa 1 Is ) 
shall be supplied by mains or risers sized for ordinary hazard 
occupancies. 

14.5.2.3 Where sprinklers are installed above and below 
ceilings in accordance with Figure 14.5.2.3(a) through Fig- 
ure 14.5.2.3(c), and such sprinklers are supplied from a 
c o m m o n se t of bra n c h 1 i n e s o r se p a r a te b ranch 1 i n es fro m a 
common cross main, such branch lines shall not exceed 
eight sprinklers above and eight sprinklers below any ceil- 
ing o n e i t h e r si d e o f thee ros s m a i n . 




2 in. 2 in. 2 in. 1 1 / 2 in. 1 1 /2in. 1 Va in. 1 1 A in. 1 1 /4 in. 1 in. 1 in. 
For SI units, 1 in. = 25.4 mm. 

FIGURE 14.5.2.3(a) Arrangement of Branch Lines Supplying 
Sprinklers Above and Below a Ceiling. 



Sprinkler in — 77— 

concealed space ^^^/ \ 

-J — U Reducer 




FIGURE 14.5.2.3(b) Sprinkler on Riser Nipple from Branch 
Line in Lower Fire Area. 
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Upright sprinkler, 
in concealed space 



Upright 
deflector 



Reducer 



90° ell 



Upright s 

deflector 

Upright^ 
sprinkler 



-12 in. (305 mm)- 
minimum 

Nipple^ 




V-n 



IX 



\ 



Ceiling 
(upper) 

Plate 

Tee 



E 



Ceiling 
(lower) V 



V: 



Plate 

- Pendent sprinkler 
~ Pendent deflector 



FIGURE 14*5. 2. 3(c) Arrangement of Branch Lines Supplying 
Sprinklers Above, in Between, and Below Ceilings. 



(25.4: m m ) and 1 V\ in. ( 3 3 in m ) , res p e c t i ve 1 y, a n ci th e s i z e s 
thereafter standard. 

14.5.3.3 Ten sprinklers shall be permitted to be placed on a 
branch line, making the two end lengths 1 in. (25.4 mm) and 
I Va i n . ( 3 3 m m ) , re s pec ti ve 1 y, a n d fe e d i n g th e te 1 1 1 h s p r i n k I e r 
bya2'/2-in. (64-mrn) pipe. 

14.5.3.4 Pi pe s i zes s h a II be i i i a cc o \d an ce wi th la b 1 e 1 4 . 5 . 3 . 4 . 



Table 14.5.3.4 Ordinary Hazard Pipe Schedule 



Steel 


Copper 


1 in. 


2 sprinklers 


1 in. 


2 sprinklers 


l'/iin. 


3 sprinklers 


I'/iin. 


3 sprinklers 


l'Aun. 


5 sprinklers 


l'/iin. 


5 sprinklers 


2 in. 


10 sprinklers 


2 in. 


12 sprinklers 


2 e /mu.. 


20 sprinklers 


2'/i>in. 


25 sprinklers 


3 in. 


40 sprinklers 


3 in. 


45 sprinklers 


3!^ in. 


65 sprinklers 


3 ! /jin. 


75 sprinklers 


4 in. 


100 sprinklers 


I in. 


1 15 sprinklers 


5 in. 


160 sprinklers 


5 in. 


180 sprinklers 


6 in. 


275 sprinklers 


6 in. 


300 sprinklers 


8 in. 


See Section 8.2 


Sin. 


See Section 

8.2 



For SI units, I in. - 25.4 mm. 



14.5.2.4 Unless the requirements of 14.5.2.5 are met, pipe 
s i zi n g u p to a n d i n c 1 u d i n g 2 Vz in. ( 64 m i n ) s h al 1 b e as shown i n 
Tab 1 e 1 4.5.2. 4 u tilizing the grea te s t n u ni be r o f s p ri n k 1 e rs to be 
found on any two adjacent levels. 



14.5.3.5 Where the distance between sprinklers on the 
branch line exceeds 12 ft; (3.7 m) or the distance between the 
b ran c h 1 i n es ex c ee d s 1 2 ft (3.7 t n ) , the n u m be r o f s p r i n k 1 e is 
fo r a gi ve n p i p e s i ze s h al 1 be i n ace o rd a 1 1 ce w i tl i Ta bl e 1 4 .5.3. 5 . 



Table 14.5.2.4 Number of Sprinklers Above and Below a 
Ceiling 



Steel 



1 in. 


2 sprinklers 


l'/i in. 


4 sprinklers 


l'/0in. 


7 sprinklers 


2 in. 


15 sprinklers 


2'/iin.. 


50 sprinklers 



Copper 



1 in. 
VA in. 
l'/iin. 

2 in. 

2 '/a in. 



2 sprinklers 
4 sprinklers 
7 sprinklers 
18 sprinklers 
65 sprinklers 



For SI units, 1 in. 



A mm 



14.5.2.5 Branch lines and cross mains supplying sprinklers 
installed entirely above or entirely below ceilings shall be sized 
i n ac co rd a n ce w i th Ta b 1 e 14.5.2.2.1. 

14.5. 2.6 * Where the total number of sprinklers above and below 
a ceiling exceeds the number specified in Table 14.5.2.2.1 for 
2 Vi -in. ( 64-i n m ) p i pe , th e p i pe s u p p 1 yi n g su ch s p ri n kl e rs sh all be 
increased to 3 in. (76 mm) and sized thereafter according to the 
schedule shown in Table 1.4.5.2.2.1 for the number of sprinklers 
above or below a ceiling, whichever is larger. 

14.5.3 Schedule for Ordinary Hazard Occupancies. 

14.5.3.1 LI n 1 ess pe rm i tted by 1 4.5 .3.2 o r 1 4.5. 3 . 3, bran ch 1 i n es 
shall not exceed eight sprinklers on either side of a cross main. 

14.5.3.2 Where more than eight sprinklers on a branch 
line are necessary, lines shall be permitted to be increased 
to nine sprinklers by making the two end lengths 1 in. 



Table 14.5.3.5 Number of Sprinklers — Greater than 12- ft 
(3.7-m) Separations 



Steel 



2 V± in. 15 sprinklers 

3 in. 30 sprinklers 

3'/> in. 60 sprinklers 



Copper 



2'Zin 

3 in. 

3"/ in. 



20 sprinklers 
35 sprinklers 
65 sprinklers 



Fo r SI n n i ts . 1 i n . = 2 5 .4 mm. 

N o to : 1? V ) i ■ o tl i e r p i p e a n d 1 1 1 1 > c s i ze s , s c e Tvi b I e 14. f> . 3 .4. 

14.5.3.6 Wh e re spii n kl e rs are i n s ta 1 1 ed above an d bel ow cc: i 1- 
ings and such sprinklers are supplied from a common set of 
b ran ch 1 i n es o r se pa ra te b ra n c h Vines s u p p I i ed by a c o m rn o n 
c ross i n a i n , s u ch b ra n c h 1 i n es s h all n o t e xc ee d e i g 1 1 1 s p r i n kl e i s 
above an d e i g h t s p r i n k 1 e rs be 1 o w a n y c e i I i n g o n e i th e r s i d e o f 
the cross main. 

14.5.3.7 Pipe sizing up to and including 3 in. (76 mm) shall 
be as shown in Table 14.5.3.7 in accordance with Figure 
14.5.2.3(a), Figure 14.5.2.3(b), and Figure 14.5.2.3(c) utiliz- 
ing the greatest number of sprinklers to be found on any two 
adjacent levels. 

14.5.3.8 Branch lines and cross mains supplying sprinklers 
installed entirely above or entirely below ceilings shall be sized 
in accordance with Table 14.5.3.4 or Table 14.5.3.5. 

1 4.5.3 . 9 * Wh e re th e to ta 1 n urn be r o f s p i i n k 1 e rs above a n d be- 
low a ceiling exceeds the number specified in Table 14.5.3.7 
for 3-in. (76-mm) pipe, the pipe supplying such sprinklers 
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Table 14.5.3.7 Number of Sprinklers Above and Below a 
Ceiling 



Steel 


Copper 


1 in. 


2 sprinklers 


1 in. 


2 sprinklers 


VA in. 


4 sprinklers 


VAin. 


4 sprinklers 


V/zin. 


7 sprinklers 


114 in. 


7 sprinklers 


2 in. 


15 sprinklers 


2 in. 


18 sprinklers 


2'/; in.. 


30 sprinklers 


2 l /2in. 


40 sprinklers 


3 in. 


60 sprinklers 


3 in. 


65 sprinklers 



Fo r S I u n i is , 1 in. = 25.4 m in . 



shall be increased to 3VL> in. (89 mm) and sized thereafter 
according to the schedule shown in Table 14.5.2.2.1 or Table 
14.5.3.4 for the number of sprinklers above or below a ceiling, 
whichever is larger. 

14.5.3.10 Where the distance between the sprinklers protecting 
the occupied area exceeds 12 ft (3.7 m) or the distance between 
the branch lines exceeds 12 ft (3.7 m), the branch lines shall be 
sized in accordance with either Table 14.5.3.5, taking into consid- 
eration the sprinklers protecting the occupied area only, or 
14.5.3.7, whichever requires the greater size of pipe. 

14.5.4* Extra Hazard Occupancies. Extra hazard occupancies 
shall be hydraulically calculated. 

14.6 Deluge Systems. Open sprinkler and deluge systems shall 
be hydraulically calculated according to applicable standards. 

14.7* Exposure Systems. Exposure sprinklers shall be hydrau- 
lically calculated using Table 14.7 and a relative classification 
of exposures guide number. 



14.8 In-Rack Sprinklers. 

14.8.1 Pipes to in-rack sprinklers shall be sized by hydraulic 
calculations. 

14.8.2 Water demand of sprinklers installed in racks shall be 
added to ceiling sprinkler water demand over the same pro- 
tected area at the point of connection. 

14.8.3 The demand shall be balanced to the higher pressure. 

Chapter 15 Water Supplies 

15.1 General. 

15.1.1 Number of Supplies. Every automatic sprinkler system 
shall have at least one automatic water supply. 

15.1.2 Capacity. Water supplies shall be capable of providing 
the required flow and pressure for the required duration as 
specified in Chapter 11, Chapter 12, and Chapter 13. 

15.1.3 Size of Fire Mains. 

15.1.3.1 No pipe smaller than 6 in. (152.4 mm) in diameter 
shall be installed as a private service main. 

15.1.3.2 For mains that do not supply hydrants, sizes smaller 
than 6 in. (152.4 mm) shall be permitted to be used subject to 
the following restrictions: 

( 1 ) Th e m ai n su pp 1 i es on ly au torn ati c sprinkle r sys te m s , ope n 
sprinkler systems, water spray fixed systems, foam systems, 
or Class II standpipe systems. 

(2) Hydraulic calculations show that the main will supply the 
total demand at the appropriate pressure. Systems that 
are not hydraulically calculated shall have a main at least 
as large as the system riser. 



Table 14.7 Exposure Protection 



Section A 


— Window 


Sprinklers 










V 




Window Sprinkler 
Orifice Size 


Discharge 

Coefficient 


Flow Rate 


Application 

Rate Over 

25 ft of 


Level of Window 








Window 
Area 


Guide Number Sprinkler 






in. 


mm 


(K-factor) 


(Q) (gpm) 


(gpm/ft 2 ) 


1 .50 or less Top 2 levels 






Yh 


9.5 


2.8 


7.4 


0.30 


Next: lower 2 levels 






Yw 


7.9 


1.9 


5.0 


0.20 


Next lower 2 levels 






14 


6.4 


1.4 


3.7 


0.15 


1.51-2.20 Top 2 levels 






Vi 


12.7 


5.6 


14.8 


0.59 


Next lower 2 levels 






Vm 


11.1 


4.2 


11.1 


0.44 


Next lower 2 levels 






Ys 


9.5 


2.8 


7.4 


0.30 


2.2.1-1 3.15 Top 2 levels 






Ys 


15.9 


11.2 


29.6 


1.18 


Next lower 2 levels 






»%a 


13.5 


8.0 


21.2 


0.85 


Next lower 2 levels 






¥> 


12.7 


5.6 


14.8 


0.59 




Section B 


— Cornice 


Sprinklers 








Cornice 


Sprinkler Orifice Size 




ion Rate per 

(gpm) 


Lineal Foot 


Guide Number 


in. 






mm 




1.50 or less 


% 






9.5 




0.75 




1.51-2.20 


W 






12.7 




1.50 




2.21-1 .3. .15 


% 






15.9 




3.00 





For SI units, 1 in. = 25.4 mm; 1 gpm = 3.785 L/min; .1 gpm/ft a -40.76 mm/mi n. 
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15.1.4 Underground Supply Pipe. For pipe schedule systems, 
the underground supply pipe shall be at least as large as the 
system riser. 

15.1.5* Water Supply Treatment Water supplies and environ- 
m e n tal co n cl i ti o n s s h al 1 be e val u ate d fo r the exis te nee of m i- 
crobes and conditions that contribute to microbiologically in- 
fluenced corrosion (MIC). Where conditions are found that 
contribute to MIC, the owner (s) shall notify the sprinkler sys- 
tem installer and a plan shall be developed to treat the system 
using one of the following methods: 

(1) Install a water pipe that will not be affected by the MIC 
microbes. 

(2) Treat all water that enters the system using an approved 
biocide. 

( 3 ) I. m pie m e n t a n ap p roved plan fo r m o n i to r i ng th e i n te r i o r 
conditions of the pipe at established time intervals and 
locations. 

15.1.6 Arrangement. 

15.1.6.1 Connection Between Underground and Above- 
ground Piping. 

15.1.6.1.1 The connection between the system piping and 
underground piping shall be made with a suitable transition 
piece and shall be properly strapped or fastened by approved 
devices. 

15.1.6.1.2 The Iran s i ti o n pi e c e s h al 1 be p ro tee ted a gai ns t pos- 
sible damage from corrosive agents, solvent attack, or me- 
chanical damage. 

15.1.6.2* Connection Passing Through or Under Foundation 
Walls. When system piping pierces a foundation wall below 
grade or is located under the foundation wall, clearance shall 
be provided to prevent breakage of the piping due to building 
settlement. 

15.1.7* Meters. Where meters are required by other authori- 
ties, they shall be listed. 

15.1.8* Connection from Waterworks System. 

15.1.8.1 Where connections are made from public water- 
works systems, it might be necessary to guard against possible 
con tarn i n ati o n of th e publ i c s apply. 

15. 1 .8.2 The req ui rements of the public heal th au thority hav- 
i n g j u r i s d i c t i o n shall be d e te r m i n e d a n d f o 1 1 o w e d . 

15.1.8.3 Where equipment is installed to guard against: pos- 
sible contamination of the public water system, such equip- 
in e n t a n cl d e vi ces s h a 1 1 be 1 i s te d fo r fi re p ro tec ti o n se rvi c e . 

15.2 Types. 

15.2.1* Connections to Water Works Systems. 

15.2.1.1 A co n n e c ti o n to a re 1 i abl e wate r wo rks sys tern sh all 
be an acceptable water supply source. 

15.2.1.2 The volume and p r e s su re of a public wa te r s u p p ly 
shall be determined from water flow test data. An adjustment 
to the waterflow test data to account for daily and seasonal 
fluctuations, possible interruption by flood or ice conditions, 
1 a rge s i m u 1 ta n e o u s i n d u s tr i a 1 u s e , f u tu rede m a n d o n th e wa te r 
supply system, or any other condition that could affect the 
water supply shall be made as appropriate. 

15.2.2* Pumps. A single automatically controlled fire pump 
installed in accordance with NFPA 20, Standard for the Installa- 



tion of Stationary Pumps for Fire Protection, shall be an acceptable 
water supply source. 

15.2.3 Pressure Tanks. 

15.2.3.1 Acceptability. 

15.2.3.1.1 A pressure tank installed in accordance with 
NFPA 22, Standard for Water Tanks for Private Fire Protection, shall 
be an acceptable water supply source. 

15.2.3.1.2 Pressure tanks shall be provided with an approved 
means for automatically maintaining the required air pressure. 

15.2.3.1.3 Where a pressure tank is the sole water supply, 
there shall also be provided an approved trouble alarm to in- 
dicate low air pressure and low water level with the alarm sup- 
pi ied fro m a n e 1 e c tri cal b ran c h c i re u i t i n d e pen d e n t o f th e a i r 
compressor. 

15.2.3.1.4 Pressure tanks shall not be used to supply other 
than sprinklers and hand hose attached to sprinkler piping. 

15.2.3.2 Capacity. 

15.2.3.2.1 In addition to the requirements of 15.1.2, the wa- 
ter capacity of a pressure tank shall include the extra capacity 
needed to fi 11 d ry pipe o r p r e ac ti o n sys te m s w h e r e ins ta 1 1 e d . 

15.2.3.2.2 The total volume shall be based on the water ca- 
paci ty pi us th e ai r capac i ty req u i red by 1 5.2.3.3. 

15.2.3.3* Water Level and Air Pressure. 

15.2.3.3.1 Pressure tanks shall be kept with a sufficient supply 
of water to meet the demand of the fire prelection system as 
calc u la te d i n C h a p te r 1 4 f o r th e d u ra ti o n re q u i re d by C h ap- 
te r 1 1 , Chap te r 1 2 , o r C h ap te r 1 3 . 

15.2.3.3.2 The pressure shall be sufficient to push all of the 
wate r o u t of th e tan k wh i 1 e m a i n ta i n i n g th e n e cessa ry res i d u a 1 
pressure (required by Chapter 14) at the top of the system. 

15.2.4 Gravity Tanks. An elevated tank installed in accor- 
dance with NFPA 22, Standard for Water Tanks for Private Fire 
Protection, shall be an acceptable water supply source. 

15.2.5 Penstocks or Flumes, Rivers, or Lakes. Water supply 
connections from penstocks, flumes, rivers, lakes, or reservoirs 
shall be arranged to avoid mud and sediment and shall be 
provided with approved double removable screens or ap- 
proved strainers installed in an approved manner. 



Chapter 16 Systems Acceptance 

16.1 Approval of Sprinkler Systems and Private Fire Service 
Mains. The ins tal ling con trac to r s h a 1 1 d o th e fo 1 1 owi n g: 



(1) Notify the authority having jurisdiction and owner's rep- 
resentative of the time and date testing will be performed 

( 2 ) P e r f o r m all required acceptance te s ts (see Section 16.2) 

(3) Complete and sign the appropriate contractor's material 
and test certificate (s) (see Figure 16.1) 

16.2 Acceptance Requirements. 

16.2.1 Hydrostatic Tests. 

16.2.1.1 Unless permitted by 16.2.1.2 through 16.2.1.6, all 
piping and attached appurtenances subjected to system work- 
ing pressure shall be hydrostatically tested at 200 psi (1 3.8 bar) 
an d s h al 1 m a i n tai n that press u re wi th o u t loss for 2 h on rs . 
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Contractor's Material and Test Certificate for Aboveground Piping 


PROCEDURE 

Upon completion of work, inspection and tests shall be made by the contractor's representative and witnessed by an owner's 
representative. All defects shall be corrected and system left in service before contractor's personnel finally leave the job. 

A certificate shall be filled out and signed by both representatives. Copies shall be prepared for approving authorities, owners, and 
contractor. It is understood the owner's representative's signature in no way prejudices any claim against contractor for faulty material, poor 
workmanship, or failure to comply with approving authority's requirements or local ordinances. 


Property name 


Date 


Property address 


Plans 


Accepted by approving authorities (names) 


Address 


Installation conforms to accepted plans U3 Yes □ No 

Equipment used is approved [_J Yes □ No 
If no, explain deviations 


Instructions 


Has person in charge of fire equipment been instructed as Q Yes \Z3 No 
to location of control valves and care and maintenance 
of this new equipment? 
If no, explain 


Have copies of the following been left on the premises? Q Yes □ No 

1 . System components instructions LJ Yes | ] No 

2. Care and maintenance instructions L_l Yes O No 

3. NFPA25 □ Yes □ No 


Location of 

system 


Supplies buildings 


Sprinklers 


Make 


Model 


Year of 
manufacture 


Orifice 
size 


Quantity 


Temperature 

rating 






























































Pipe and 
fittings 


Type of 
Type of 


pipe 


fittings 




Alarm 
valve or 

flow 
indicator 


Alarm device 


Maximum time to operate 
through test connection 


Type 


Make 


Model 


Minutes 


Seconds 






















Dry pipe 

operating 

test 


Dry valve 


Q. 0. D. 


Make 


Model 


Serial no. 


Make 


Model 


Serial no. 
















Time to trip 
through test 
connection 1 > 2 


Water 
pressure 


Air 
pressure 


Trip point 
air pressure 


Time water 
reached 

test outlet 1 - 2 


Alarm 
operated 

properly 




Minutes 


Seconds 


psi 


psi 


psi 


Minutes 


Seconds 


Yes 


No 


Without 
Q.O.D. 




















With 
Q.O.D. 




















If no, explain 



1 Measured from time inspector's test connection is opened 

2 NFPA 13 only requires the 60-second limitation in specific sections 

FIGURE 16.1 Contractor's Material and Test Certificate for Aboveground Piping. 
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Deluge and 

preaction 

valves 



Operation 



r 1 Pneumatic LJ Electric 



□ Hydraulics 



Piping supervised 



Yes LJ No Detecting media supervised 



□ Yes □ No 



Does valve operate from the manual trip, remote, or both 
control stations? 



LJ Yes (__ No 



Is there an accessible facility in each circuit 
for testing? 

□ Yes □ No 



Make Model 



Does each circuit operate 
supervision loss alarm? 



Yes 



No 



If no, explain 



Does each circuit operate 
vaive release? 



Yes 



No 



Maximum time to 
operate release 



Minutes 



Seconds 



Pressure 
reducing 
valve test 



Location 
and floor 



Make and 
model 



Setting 



Static pressure 



Inlet (psi) Outlet (psi) 



Residual pressure 

(flowing) 



Inlet (psi) 



Outlet (psi) 



Flow rate 



Flow (gpm) 



Test 

description 



Hy drostatic : Hydrostatic tests shall be made at not less than 200 psi (13.6 bar) for 2 hours or 50 psi (3.4 bar) 
above static pressure in excess of 150 psi (10.2 bar) for 2 hours. Differential dry-pipe valve clappers shall be left 
open during the test to prevent damage. All aboveground piping leakage shall be stopped. 

P neum atic: Establish 40 psi (2.7 bar) air pressure and measure drop, which shall not exceed 1V_ psi (0.1 bar) 

in 24 hours. Test pressure tanks at normal water level and air pressure and measure air pressure drop, which shall 

not exceed IV2 psi (0.1 bar) in 24 hours. 



Tests 



All piping hydrostatically tested at 
Dry piping pneumatically tested 
Equipment operates properly 



„psi (_ bar) for ___ 

□ Yes □ No 

□ Yes □ No 



, hours 



If no, state reason 



Do you certify as the sprinkler contractor that additives and corrosive chemicals, sodium silicate or derivatives 
of sodium silicate, brine, or other corrosive chemicals were not used for testing systems or stopping leaks? 

□ Yes □ No 



Drain 
test 



Reading of gauge located near water 
supply test connection: ______ psi(_ 



bar) 



Residual pressure with valve in test 
connection open wide: _____ psi ( __ bar) 



Underground mains and lead-in connections to system risers flushed before connection made to 
sprinkler piping 

Verified by copy of the Contractor's Material and Test LJ Yes LL No Other 

Certificate for Underground Piping. 

Flushed by installer of underground sprinkler piping LJ Yes LJ No 



Explain 



If powder-driven fasteners are used in concrete, 
has representative sample testing been 
satisfactorily completed? 



Yes ___ No 



If no, explain 



Blank testing 
gaskets 



Number used 



Locations 



Number removed 



Welding 



Welding piping 



LJ Yes □ No 



If yes. 



Do you certify as the sprinkler contractor that welding procedures comply 
with the requirements of at least AWS B2. 1 ? 



Do you certify that the welding was performed by welders qualified in 
compliance with the requirements of at least AWS B2.1? 



Do you certify that the welding was carried out in compliance with a 
documented quality control procedure to ensure that all discs are retrieved, that 
openings in piping are smooth, that slag and other welding residue are 
removed, and that the internal diameters of piping are not penetrated? 



□ Yes LJ No 

□ Yes □ No 

□ Yes □ No 



Cutouts 
(discs) 



Do you certify that you have a control feature to ensure that 
all cutouts (discs) are retrieved? 



□ Yes __ No 



FIGURE 16.1 Continued 
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Hydraulic 

data 
nameplate 


Nameplate provided 

□ Yes □ No 


If no, explain 


Remarks 


Date left in service with all control valves open 




Signatures 


Name of sprinkler contractor 


Tests witnessed by 


For property owner (signed) Titla 


Date 


For sprinkler contractor (signed) Title 


Date 


Additional explanations and notes 



FIGURE 16.1 Continued 



16.2.1.2 .Portions of systems normally subjected to system 
working pressures in excess of" 150 psi (10.4 bar) shall be 
tested as described in 16.2.1.1 at a pressure of 50 psi (3.5 bar) 
in excess of system working pressure. 

16.2.1.3 VVhe re co 1 d Ave a th e r wi 1 1 n o t: pe r m i t t.e s ti n g wi th wa- 
ter, an interim air test shall be permitted to be conducted as 
described in 16.2.3. 

16.2.1.4 Modifications affecting 20 or fewer sprinklers shall 
n o t req u i re tes ti n g i n e x cess of sys te m work] n g p ress u re . 

16.2.1.5 Wh e re ad d i ti on o r m od i Ilea tio n i s m ad e to an exis t- 
ing system affecting more than 20 sprinklers, the new portion 
shall be isolated and tested at not less than 200 psi (1.3.8 bar) 
for 2 hours. 

16.2.1.6 Modifications that cannot be isolated, such as relo- 
cated drops, shall not require testing in excess of system work- 
ing pressure. 

16.2.1.7 Loss shall be determined by a drop in gauge pres- 
sure or visual leakage. 

16.2.1.8 Th e test p ress u re shall be re ad fro m a gau ge located 
at the low elevation point, of the system or portion being 
tested. 

16.2.1.9 Additives, corrosive chemicals such as sodium sili- 
cate, or derivatives of sodium silicate, brine, or other chemi- 
cals shall not be used while hydrostatically testing systems or 
for stopping leaks. 

16.2.1.10 Piping between the exterior fire department con- 
nection and the check valve in the lire department inlet pipe 
shall be hydrostatically tested in the same manner as the bal- 
ance of the system. 

16.2.1.11 When deluge systems are being hydrostatically 
tested, plugs shall be installed in fittings and replaced with 



open sprinklers after the test is completed, or the operating 
elements of automatic sprinklers shall be removed after the 
test is completed. 

16.2.1.12* The trench shall be backfilled between joints be- 
fore tes ti n g to p re ve n t m o ve m e n t. of p i p e . 

16.2.1.13 Where required for safety measures presented by 
the hazards of open trenches, the pipe and joints shall be per- 
mitted to be backfilled provided the installing contractor 
takes the responsibility for locating and correcting leakage in 
e xcess of th at pe rm i tted i n 1 6 .2.1.8. 

16.2.1.14 Provision shall be made for the proper disposal of 
wa te r u se d f o r fl us h i n g o r tes ti n g. 

16.2.1.15* Test Blanks. 

16.2.1.15.1 Tes i bl an ks sh al 1 have pain ted lugs p rotr tiding i n 
such a way as to clearly indicate their presence. 

16.2.1.15.2 Th e tes t bl a n ks s h al 1 be n u m be re d , an d th e i n- 
stalling contractor shall have a recordkeeping method ensur- 
ing their removal after work is completed. 

16.2. 1 .16 When subject to hydrostatic test pressures, the clap- 
per of a differential-type valve shall be held off its seat to pre- 
vent damaging the valve. 

16.2.2 Dry Pipe and Double Interlock System(s) Air Test. 

16.2.2.1 In addition to the standard hydrostatic test, an air 
pressure leakage test at 40 psi (2.8 bar) shall be conducted for 
24 hours. Any leakage that results in a loss of pressure in excess 
of Vh psi (0.1 bar) for the 24 hours shall be corrected. 

16.2.2.2 Where systems are installed in spaces that are ca- 
pable of being operated at temperatures below 32° F (0°C), air 
pressure leakage tests requited in 16.2.2 shall be conducted at 
the lowest nominal temperature of the space. 
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16.2.3 System Operational Tests. 

16.2.3.1 Waterflow Devices. Waterflow detecting devices in- 
cluding the associated alarm circuits shall be flow tested 
through the inspector's test connection and shall result in an 
audible alarm on the premises within 5 minutes after such 
flow begins and until such flow stops. 

16.2.3.2* Dry Pipe. 

16.2.3.2.1 A working test of the dry pipe valve alone and with 
a quick-opening device, if installed, shall be made by opening 
the inspector's test connection. 

16.2.3.2.2 The test shall measure the time to trip the valve 
and the time for water to be discharged from the inspector's 
test connection. All times shall be measured from the time the 
inspector's test connection is completely opened. 

16.2.3.2.3 The results shall be recorded using the contrac- 
tor's material and test certificate for aboveground piping. 

16.2.3.3 Deluge System. 

16.2.3.3.1 The automatic operation of a deluge or preaction 
valve shall be tested in accordance with the manufacturer's 
instructions. 

16.2.3.3.2 The manual and remote control operation, where 
present, shall also be tested. 

16.2.3.4 Main Drain. 

16.2.3.4.1 The main drain valve shall be opened and remain 
open until the system pressure stabilizes. 

16.2.3.4.2 The static and residual pressures shall be recorded 
on the contractor's test certificate. 

16.2.3.5 Operating Test. 

16.2.3.5.1 Each hydrant shall be fully opened and closed un- 
der system water pressure, and dry barrel hydrants shall be 
checked for proper drainage. 

16.2.3.5.2 Where fire pumps are available, this check shall be 
done with the pumps running. 

16.2.3.5.3 All control valves shall be fully closed and opened 
under system water pressure to ensure proper operation. 

16.2.4 Pressure Reducing Valves. 

16.2.4.1 Each pressure-reducing valve shall be tested upon 
completion of installation to ensure proper operation under 
flow and no-flow conditions. 

16.2.4.2 Testing shall verify that the device properly regulates 
outlet pressure at both maximum and normal inlet pressure 
conditions. 

16.2.4.3 The results of the flow test of each pressure-reducing 
valve shall be recorded on the contractor's test certificate. 

16.2.4.4 The results shall include the static and residual inlet 
pressures, static and residual outlet pressures, and the flow 
rate. 

16.2.5 Backflow Prevention Assemblies. 

16.2.5.1 The backflow prevention assembly shall be forward 
flow tested to ensure proper operation. 

16.2.5.2 The minimum flow rate shall be the system demand, 
including hose stream demand where applicable. 



16.2.6 Exposure Systems. Operating tests shall be made of 
exposure protection systems upon completion of the installa- 
tion, where such tests do not risk water damage to the building 
on which they are installed or to adjacent buildings. 

16.3 Circulating Closed Loop Systems. 

16.3.1 For sprinkler systems with non-fire protection con- 
nections, additional information shall be appended to the 
Contractor's Material and Test Certificate for Aboveground 
Piping shown in Figure 16.1 as follows: 

(1) Certification that all auxiliary devices, such as heat 
pumps, circulating pumps, heat exchangers, radiators, 
and luminaries, if a part of the system, have a pressure 
rating of at least 175 psi or 300 psi (12.1 bar or 20.7 bar) if 
exposed to pressures greater than 175 psi (12.1 bar). 

(2) All components of sprinkler system and auxiliary system 
have been pressure tested as a composite system in accor- 
dance with 16.2.2. 

(3) Waterflow tests have been conducted and waterflow 
alarms have operated while auxiliary equipment is in each 
of the possible modes of operation. 

( 4 ) Wi th aux i 1 i ary e q u i p in e n t te s te d i n e ac h possible i n o d e o f 
operation and with no flow from sprinklers or test con- 
nection, waterflow alarm signals did not operate. 

( 5 ) Excess te m pe ra tu re c o n tro Is fo r s h u tti n g d own th e au x i 1- 
iary system have been properly field tested. 

16.3.2 D i sc h a rge tes ts o f sp r i n k 1 e r sys te ms wi th n o n -fi re p ro- 
te ction connections shall be conducted using system test con- 
nections described in 6.8.2. 

16.3.3 Pressure gauges shall be installed at critical points and 
readings shall be taken under various modes of auxiliary 
equipment operation. 

16.3.4 Waterflow alarm signals shall be responsive to dis- 
charge of water through system test pipes while auxiliary 
equipment is in each of the possible modes of operation. 

16.4 Instructions. The installing contractor shall provide the 
owner with the following: 

(1) All literature and instructions provided by the manufac- 
turer describing proper operation and maintenance of 
any equipment and devices installed 

(2) NFPA 25, Standard for the Inspection, Jesting, and Mainte- 
nance of Water-Based, Fire Protection Systems 

16.5* Hydraulic Design Information Sign. 

16.5.1 The installing contractor shall identify a hydraulically 
designed sprinkler system with a permanently marked weath- 
erproof metal or rigid plastic sign secured with corrosion- 
resistant wire, chain, or other approved means. Such signs 
shall be placed at the alarm valve, dry pipe valve, preaction 
valve, or deluge valve supplying the corresponding hydrauli- 
cally designed area. 

16.5.2 Th e si gn s h al 1 i n elude th e fo 1 1 owi n g i n fo r in a t i o n : 

(1) Location of the design area or areas 

(2) Discharge densities over the design area or areas 

(3) Required flow and residual pressure demand at the base 
of the riser 

(4) Occupancy classification or commodity classification and 
maximum permitted storage height and configuration 

(5) Hose stream demand included in addition to the sprin- 
kler demand 
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Chapter 17 Marine Systems 

17.1 General. 

17.1.1 C h a p t.e r 17 outlines the d e le t i o n s , in o d i li c a t i o n s , an d 
a d d i ti o n s tl i a l s 1 1 a 1 1 be re q 1 1 i re d (V:> r m a tin e a pp 1 i catio n . 

17.1.2 All o th e r re q n i re n i e n is of th i s s (a n d a rd s h al 1 apply to 
i ) i e i x 1 1 a n I ve s s e I s y s te ms e x c e p t a s m o d i 11 e d by this c h ap te r . 

17.1.3 The following definitions shall be applicable to this 
chapter (see Section 3.14): 

(1) A-Class Boundaiy — A boundary designed to resist the pas- 
sage o f s m o k e a 1 1 d II a in e fb r 1 h o u r wh e n tes te d i n acco r- 
dance with ASTM. E 119, Standard Test Methods for Fire Tests 
of Building Construction and Materials. 

( 2 ) B- Class Boundary — A bo u n d a ty d es i gn e d to i esi s t th e pas- 
sage of flame for Vi hour when tested in accordance with 
ASTM E 119, Standard Test Methods for Fire Tests of Building 
Construction and .Materials. 

( 3 ) Cen iral Safety Station — A c o n ti n u o u s I y m a nn e d co n tro 1 
station from which all of the fire control equipment is 
m on i to red . 1 f th i s s ta ti o n is n o t th e bridge , d i rec t corn- 
in 1 1 n i ca ti o 1 1 w i th th e b r.i d ge s h a 1 1 be pro vi d ed by m e a n s 
other than the ship's service telephone. 

(4)'-\Heai-Sensilii!e Material — A material whose melting point 
is below 1700°F(926.7°C). 

( 5 ) I feel — Th e inclin a ti o n o f a s hi p to o n e s id e . 

( 6 ) Heel A ngle — T h e an gl e d e f:i n e d by t h e i n te rse c ti on of a 
vertical line through the center of a vessel and a line 
perpendicular to the surface of the water. 

( 7 ) International Shore Connection — A 1 1 ni ve rsal con n ec ti o n co m- 
plying with ASTM F 1121, Standard, Specification for Interna- 
tional SI io re Connections for Marine Fre Applications, to which 
s h o i esicl e ti re-li g h ti n g h ose a i e to bee o n n e c te d . 

(8)* Marine System — A sprinkler system installed on a ship, 
boat, or other floating structure that takes its supply 
from the water on which, the vessel floats. 
( 9- ) * Marine 1 liermal Barrier — A n ass e m bl y th a t i s con s tr u c te d 
of noncoinbtistible materials and made intact with the 
main structure of the vessel, such as shell, structural 
bulk! leads, and decks. A marine thermal barrier shall 
meet the requirements of a B-Class boundaiy. In addi- 
tion, a marine thermal barrier shall be insulated such 
that, if tested in. accordance with ASTM E 119, Standard 
Test Methods for lire [tests of Bin h ling Construction and, Male- 
rials, lb r 1 5 m i n u tes , th e a v e rage te m p e r a ti i re of th e u n - 
exposed side does not rise more than 250°F (193°C) 
above the original temperature, nor does the tempera- 
ture at: any one point, including any joint, rise more than 
40 5 ° F (225° C ) a b o ve t h e o r i gi n a 1 te m p e ratu re . 

(1.0) Supervision — A visual and audible alarm signal given at 
the central safety station to indicate when the system is in 
operation or when a condition that would impair the 
satisfactory operation of the system exists. Supervisory 
a 1 a n n s s 1 i a 1 1 gi ve a d i s ti nc; t indie: a ti o n for e a c h i n d i vidu a 1 
s y s te 1 1 i c o mpon e n t: t hat is m o n i to re d . 

(1.1.) Sunnva I. A. ngle — Th e maximum a n g 1 e to wh i c h a ve ss e 1 is 
permitted to heel after the assumed damage required by 
stability regulations is imposed. 

(12) 7 ype 1 Sta, ir — A i 1 1 1 1 y en c 1 o s e d s ta i r 1 1 i a t s e rve s a 1 1 1 e ve Is of 
a vessel in which persons can be employed. 



( 1 3 ) M. a rine Wa ter Supp /y — T h e s u p p 1 y p o r t i o n of the s p r i n k 1 e r 
system from the water pressure tank or the sea suction of 
the designated sprinkler system pump up to and includ- 
ing the valve that isolates the sprinkler system from these 
two w a te r s o u r c e s . 

17.1.4* Occupancy Classifications. Marine environment clas- 
s ideations s h a lib e i i i a c c o rcl a n c e w i th S e c t i o n 5.1. 

17.1.5* Partial Installations. 

17.1.5.1 Pa r ti al i n s ta 1 1 a ti o n of a u ton i a tic s p r i n k le rs s h a 1 1 not 
be pe rm i t te d , unless th e req u i re m e n ts of 1 7 . 1 .5.2 a r 1 7.1.5. 3 
are met. 

17.1.5.2 Spaces shall be permitted to be protected with an 
a 1 te inative , app roved 1 i re s u p p ress i o n sys te m wh e re s u c h a reas 
are separated from the sprin.kle.red areas with a 1 hour-rated 
assembly. 

17.1.5.3 The requirements of 17.1.5.1 shall not apply 
w h e re s p e c: i fi c s e c t i o n s of th i s s ta n d a r d p e mi i 1 1 h e o in i ss i o n 
of sprinklers. 

17.2 System Components, Hardware, and Use. 

17.2.1* Sprinklers shall have a nominal discharge coefficient 
greater than 1.9. 

17.2.2* Sprinkler piping penetrations shall be designed to pre- 
serve the fire integrity of the ceiling or bulkhead penetrated. 

17.2.3 Spare Sprinklers. 

17.2.3.1 The re q u i red s to ck of s pa re s p r i n kl e rs s h a 11 be ca r- 

r i e d f o r eac h lyp e of sp r i. n kl e r i n s ta 1 1 e d o n boa vc\ t h e vesse 1 . 

17.2.3.2 Wh e re l r ewe v th a n six spri n kl e rs of a pa rticu 1 a r type 
are ins ta 1 led , 1 00 pe re e n t spa re s s h a 1 1 be k e p t i n s toe k . 

17.2.3.3 Where applicable, at least one el as tome trie gasket 
s ha 1 1 be ke p t i n th e cab i n e t f o i " eac h li re d e pa r tm e n t co n n e c- 
tion that is installed onboard the vessel. 

17.2.3.4 The cabinet containing spare sprinklers, special 
wrenches, and el as tome trie gaskets shall be located in tire 
same central safety station that contains the alarm annuncia- 
tor panel (s) and supervisory indicators. 

17.2.4 System Pipe and Fittings. 

17.2.4.1* Wh e n 1 e r ro u s m a te ri a 1 s a re u se d for pipi n g be twe e n 
t h e s e a c h e s t a n d z o n e c o n t r o 1 v a 1 ve s , th e s e m a te r ials shall be 
protected against corrosion by hot dip galvanizing or by the 
use of Schedule 80 piping. 

17.2.4.2 Max i m u m d e s i gn press u re .for co p p e r a n d brass pi pe 
shall not exceed 250 psi (17.2 bar). 

17.2.5 Pipe Support. 

17.2.5.1* Pipe supports shall comply with the following: 

( 1 ) P i p e s u p po r ts s ha 11 be d es i gn ed to p ro v id e ad e qu a le 1 a t- 
eral, longitudinal, and vertical sway bracing. 

( 2 ) Th e d esi gn s h a 1 1 a ceo u n t for th e d eg re e of brae i n g, wh i c h. 
varies with the route; and operation of the vessel. 

(3) Bracing shall be designed to ensure the following: 

(a) Slamming, heaving, and rolling will not shift sprin- 
kler piping, potentially moving sprinklers above ceil- 
in gs , b u 1 kl i e ad s , o r o th e r o bstn.i c: ti on s . 

(b) Piping and sprinklers will remain in place at a steady 
heel angle at least eqtial to the maximum required 
d a i n age d s u rvi va 1 a n gl e . 
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(4) Pipe supports shall be welded to the structure. 

(5) Hangers that can loosen during ship motion or vibration, 
such as screw-down-type hangers, shall not be permitted. 

( 6 ) Han gers th at are lis te d f o r se i s m i c use shal 1 be p e rm i tted 
to be used in accordance with their listing. 

17.2.5.2 Sprinkler piping shall be supported by the primary 
structural members of the vessel such as beams, girders, and 
stiff en ers. 

17.2.5.3* The components of hanger assemblies that are 
welded directly to the ship structure shall not be required to 
be listed. 

17.2.5.4* U-hook sizes shall be no less than that specified in 
Table 9.1.2.3. 

17.2.6 Valves. 

17.2.6.1* All indicating, supply, and zone control valves shall 
be supervised open from a central safety station. 

17.2.6.2 Drain and test valves shall meet; the applicable re- 
q u i rem e n ts o f 46 CFR 56.20 and 56.60. 

17.2.6.3 Valve markings shall include the information re- 
quired by 46 CFR 56.20-5 (a). 

17.2.7 Fire Department Connections and International Shore 
Connections. 

17.2.7.1* A fi re d e pa r t m en t co n n e c ti o n and a n 1 n te r n ati o n a! 
Shore Connection shall be installed. 

17.2.7.2 The requirements for a fire department connection 
in 17.2.7.1 shall not apply to vessels that operate primarily on 
international voyages. 

17.2.7.3 Connections shall be located near the gangway or 
other shore access point so that they are readily accessible to 
the land-based fire department. 

17.2.7.4 Fire department and International Shore Connec- 
tions shall be colored and marked so that the connections are 
easily located from the shore access point (i.e., gangway loca- 
ti o n ) an d wi 1 1 n o t be co n fused wi th a fi rem a in co n n ecti o n . 

17.2.7.5 An 18 in. x 18 in. (0.46 m x 0.46 in) sign displaying 
the symbol for lire department connection as shown in Table 
5.2.1 of NFPA 170, Standard for Fire Safely Symbols, shall be 
placed at the connection so that it is in plain sight from the 
shore access point. 

17.2-7.6 Co n n e c ti o n s o n bo t h s i d es of t h e vesse 1 s h al 1 be p ro- 
vided where shore access arrangements make it necessary. 

17.2.7.7* Fire department connection thread type shall be 
c o m pa ti b 1 e wi th I i re d e pa r tm e n t e qu i pm e n t . 

17.3 System Requirements. 

17.3.1* Relief Valves. Relief valves shall be provided on all wet 
pipe systems. 

17.3.2 Spare Detection Devices. The number of spare detec- 
tion devices or fusible elements used for protection systems 
that shall be carried per temperature rating is as follows: 

( 1 ) Vesse Is shall h ave two spare d e te c ti on de vi ces or fu si bl e 
elements when operating voyages are normally less than 
24 hours. 

(2) Vessels shall have four spare detection devices or fusible 
elements when operating voyages are normally more than 
24 hours. 



17.3.3 System Piping Supervision. All p reaction sprinkler sys- 
tems shall be supervised regardless of the number of sprin- 
klers supplied. 

17.3.4 Circulating Closed Loop Systems. Circulating closed 
lo o p sys te m s shall n o t be perm i tied . 

17.4 Installation Requirements. 

17.4.1 Temperature Zones. 1 n te rm ed i a te te in pe ra l.u re-ra ted 
sprinklers shall be installed under a n on insulated steel deck 
th at i s exposed to s u n 1 i gh t. 

17.4.2* Residential Sprinklers. Residential sprinklers shall be 
pe rm i tte d fo r use o n 1 y in si e e p i n g a ceo r n m od a ti o n a rea s . 

17.4.3 Window Protection. Where required, windows shall be 
protected by sprinklers installed at a distance not exceeding 
1 ft (0.3 m ) fro m th e gl azi n g a t a s p at: i n g n o t e x ce e d i i r g 6 ft 
(1.8 m) such that the entire glazing surface is wetted at a linear 
density not less than 6 gpm/ft (75 mm/min), unless listed 
window sprinkler protection systems are installed in accor- 
da n c e wi th th e i r i n s tal 1 ati o n a n d tes ti n g c r i te r i a . 

17.4.4* Concealed Spaces. 

17.4.4.1 Concealed spaces that are constructed of combus- 
ti bl e m ate ri als , o r m a te r i a i s wi th com b u s ti bl e fi n i sir e s o i ■ th a t 
contain combustible materials, shall be sprinklered. 

17.4.4.2 The requirements of 17.4.4. 1 shall not apply to con- 
cealed spaces that contain only nonmetallic piping that is con- 
ti n u ou s ly fi 1 1 ed wi th wate r. 

17.4.5 Vertical Shafts. 

1 7 .4. 5 . 1 Sp r i n kl e is are n o t re q u i red i n ve r ti ca 1 s h a f ts u se d as 
du c t, el e c t ri cal , o r p i pe sh af ts tin at are 1 1 on a cce ss i b 1 e, n o n co i n- 
bustible, and enclosed in an A-Class-rated assembly. 

17.4.5.2 Stairway enclosures shall be fully sprinklered. 

17.4.6 Bath Modules. Sprinklers shall be installed in bath 
modules (full room modules) constructed with combustible 
ma te ri als , re gard less o f ro o m f i re 1 oad . 

17.4.7 Ceiling Types. Drop-out ceilings shall not be used in 
conjunction with sprinklers. 

17.4.8 Return Bends. 

1 7 .4. 8. 1 To p re ve n t se d i m e n t bu i 1 d u p , re tit r n be n d s s 1 r al 1 be 
installed in all shipboard sprinkler systems where pendent- 
type or dry pendent-type sprinklers are used in wet systems (see 
Figure 8.14.18.2). 

17.4.8.2 Consideration shall be given concerning the intru- 
sion of saltwater into the system. 

17.4.8.3 S pe c i fi cal 1 y, s p r i n kl e rs s hall n o t be re n d e red i n e fie c- 
tive by corrosion related to saltwater' entrapment within the 
return bend. 

17.4.9 Hose Connections. Sprinkler system piping shall not 
be used to supply hose connections or hose connections for 
fire department use. 

17.4.10 Heat-Sensitive Piping Materials. 

17.4.10.1 Por tio n s of th e pipi n g sys te m co i is tr u c ted w i th a 1 1 ea t- 
sensitive material shall be subject to the following restrictions: 

(1) Piping shall be of non-heat-sensitive type from the sea 
suction up through the penetration of the lastA-Class bar- 
rier e ncl os i n g the s pac e ( s ) in w h i c h th e h ea t-se n s i ti ve p i p- 
ing is installed. 
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(2) B-Class draft stops shall be fitted not more than 45 ft 
(13.7 m) apart between the marine thermal barrier (see 
definitions in Chapter 3 and 17.1.3) and the deck or shell. 

(3) Portions of a system that are constructed from heat- 
sensitive materials shall be installed behind a marine ther- 
mal barrier, unless the provisions of item (4) are met. 

(4)*Piping materials with brazed joints shall not be required 
to be installed behind a marine thermal barrier, provided 
the following conditions are met: 

(a) The system is of the wet pipe type. 

(b) The piping is not located in spaces containing boil- 
ers, internal combustion engines, or piping contain- 
ing flammable or combustible liquids or gases under 
pressure, cargo holds, or vehicle decks. 

(c) A relief valve in compliance with 7.1.2 is installed in 
each section of piping that is capable of being iso- 
lated by a valve (s) . 

(d) A valve (s) isolating the section of piping from the re- 
mainder of the system is installed in accordance with 
17.4.10.2 and 17A10.3. 



17.4.10.2 Each zone in which heat-sensitive piping is installed 
shall be fitted with a valve capable of segregating that zone 
fro m t he r e m a i n d e r of the sys te m . 

17.4.10.3 The valve shall be supervised and located outside of 
the zone controlled and within a readily accessible compart- 
me n t h avi n g A-C 1 ass bo u n dari es o r wi th i n a Type 1 s tair. 

17.4.11 Discharge of Drain Lines. 

17.4.11.1 Drain lines shall not be connected to housekeep- 
ing, sewage, or deck drains. Drains shall be permitted to be 
discharged to bilges. 

17.4.11.2 Overboard discharges shall meet the requirements 
of 46 CF.R 56.50-95 and shall be corrosion resistant in accor- 
dance with 46 CFR 56.60. 

17.4.11.3 Systems that contain water additives that are not 
pe rm i t ted to be d i sc h a rged i n to the en vi ro n m e n t sh all be sp e- 
cially designed to prevent such discharge. 

17.4.11.4 Discharges shall be provided with a down-turned 
elbow. 

17.4.12 Alarm Signals and Devices. 

17.4.12.1* A visual and audible alarm signal shall be given at 
the central safety station to indicate when the system is in op- 
eration or when a condition that would impair the satisfactory 
operation of the system exists. 

17.4.12.2 Alarm signals shall be provided for, but not limited 
to, each of the foil owing; monitoring position of control 
valves, fire pump power supplies and operating condition, wa- 
ter tank levels and temperatures, zone waterftow alarms, pres- 
sure of tanks, and air pressure on dry pipe valves. 

17.4.12.3 Al a rm s s h al 1 gi ve a d is ti n c t i n d i ca tion for each indi- 
vidual system component that is monitored. 

17.4.12.4 An audible alarm shall be given at the central safety 
station within 30 seconds of waterflow. 

17.4.12.5 Wate rfl ow al a rm s s h a 1 1 be i n s tailed for eve ry zo n e of 
the sprinkler system. 

17.4.12.6 Sprinkler zon es sh al 1 n o t e n compass m ore th an two 
adjacent decks or encompass more than one main vertical 
zone. 



17.4.12.7 Electrically operated alarm attachments shall com- 
ply with, meet, and be installed in accordance with the re- 
quirements of 46 CFR, Subchapter J, ''Electrical Engineering." 

17.4.12.8 All wiring shall be chosen and installed in accor- 
dance with IEEE 45, Recommended Practice fat' Electrical Installa- 
tions on Shipboard. 

17.4.13 Test Connections. Where test connections are below 
the bulkhead deck, they shall comply with the overboard dis- 
charge arrangements of 46 CFR 56.50-95. 

17.4.14 Protection of Copper Tubing. Copper tubing materi- 
als shall be protected against physical damage in areas where 
vehicles and stores handling equipment operate. 

17.5 Design Approaches. 
17.5.1 Design Options. 

17.5.1.1 Marine sprinkler systems shall be designed using the 
hydraulic calculation procedure of Chapter 10. 

17.5.1.2 The pipe schedule method shall not be used to de- 
termine the water demand requirements. 

17.5.2* Window Protection. Minimum water demand require- 
ments shall include sprinklers that are installed for the protec- 
tion of wi ndows as d esc ri bed i n 1 7 . 4 . 3 . 

17.5.3* Hose Stream Allowance. No allowance for hose stream 
use shall be required. 

17.6 Plans and Calculations. 

17.6.1 Additional Information. The pressure tank size, high- 
pressure relief setting, high and low water alarm settings, 
low-pressure alarm setting, and pump start pressure shall be 
provided. 

17.6.2 Sprinklers specifically installed for the protection of 
windows under 17.4.3 shall be permitted to be of a different 
size from those protecting the remainder of the occupancy 
classification. 

17.6.3 All of the window sprinklers, however, shall be of the 
same size. 

17.6.4* Marine sprinkler systems shall be designed and in- 
stalled to be fully operational without a reduction in system 
performance when the vessel is upright and inclined at the 
angles of inclination specified in 46 CFR 58.01-40. 

17.7 Water Supplies. 

17.7.1 General. The water supply requirements for marine 
applications shall be in accordance with Section 17.7. 

17.7.2 Pressure Tank. 

17.7.2.1 Unless the requirements of 1 7.7.2.2 are met, a pres- 
sure tank shall be provided. The pressure tank shall be sized 
and constructed so that the following occurs: 

(1) The tank shall contain a standing charge of fresh water 
equal to that specified by Table 17.7.2.1. 

(2) The pressure tank shall be sized in accordance with 
12.2.3.2. 

(3) A glass gauge shall be provided to indicate the correct 
level of water within the pressure tank. 

(4) Arrangements shall be provided for maintaining an air 
pressure in the tank such that, while the standing charge 
of water is being expended, the pressure will not be less 
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than that necessary to provide the design pressure and 
flow of the hydraulically most remote design area. 

(5) Suitable means of replenishing the air under pressure 
and the fresh water standing charge in the tank shall be 
provided . 

(6) Tank construction shall be in accordance with the appli- 
cable requirements of 46 CFR, Subchapter F, "Marine 
Engineering." 

Table 17.7.2.1 Required Water Supply 



System Type 



Additional Water Volume 



Wet pipe system 



Preaction system 
Deluge system 
Dry pipe system 



Flow requirement of the 
hydraulically most remote 
system demand for 1 
minute 

Flow requirement of the 
hydraulically most remote 
system demand for 1 
minute of system demand 
plus the volume needed to 
fill all dry piping 



17.7.2.2 Pressure Tank Alternative. In lieu of a pressure tank, 
a dedicated pump connected to a fresh water tank shall be 
permitted to be used, provided the following conditions are 
met: 

( 1. ) T h e pu m p is 1 i s te d fo r m ar i n e u se an d is s i zed to m ee t th e 
required system demand. 

(2) The suction for the fire pump is located below the suction 
for the fresh water system so that there shall be a mini- 
mum water supply of at least I minute for the required 
system demand. 

(3) Pressure switches are provided in the system and the con- 
troller for the pump that automatically start the pump 
within 10 seconds after detection of a pressure drop of 
more than 5 percent. 

(4) There shall be a reduced pressure zone backflow preven- 
ter to prevent contamination of the potable water system 
by saltwater. 

(5) There are at least two sources of power for this pump. 
Where the sources of power are electrical, these shall be a 
main generator and an emergency source of power. One 
supply shall be taken from the main switchboard, by sepa- 
rate feeder reserved solely for that purpose. This feeder 
shall be run to an automatic changeover switch situated 
near the sprinkler unit and the switch shall normally be 
kept closed to the feeder from the emergency switch- 
board. The changeover switch shall be clearly labeled, 
and no other switch shall be permitted in these feeders. 

17.7.2.3 Relief Valves. 

17.7.2.3.1 Relief valves shall be installed on the tank to avoid 
overpressurization and false actuation of any dry pipe valve. 

17.7.2.3.2 Relief valves shall comply with 46 CFR 54.15-10. 

17.7.2.4 Power Source. 

17.7.2.4.1 There shall be not less than two sources of power 
for the compressors that supply air to the pressure tank. 

17.7.2.4.2 Where the sources of power are electrical, these 
shall be a main generator and an emergency source of power. 



17.7.2.4.3 One supply shall be taken from the main switch- 
board, by separate feeders reserved solely for that purpose. 

17.7.2.4.4 Such feeders shall be run to a changeover switch 
situated near the air compressor, and the switch normally shall 
be kep t closed to the fee d e r fro m th e e m e rge n cy sw i tc h board . 

17.7.2.4.5 The changeover switch shall be clearly labeled, 
and no other switch shall be permitted in these feeders. 

17.7.2.5 Multiple Tanks. 

17.7.2.5.1 More than one pressure tank can be installed pro- 
vided th a t e ac h is treated as a s i n gi e wa te r s o u r c e wh e n d e te r- 
mining valve arrangements. 

17.7.2.5.2 Check valves shall be installed to prohibit flow 
from tank to tank or from pump to tank, unless the tank is 
designed to hold only pressurized air. 

17.7.2.6 In systems subject to use with saltwater-, valves shall 
be so arranged as to prohibit contamination of the pressure 
tank with saltwater. 

17.7.2.7* Where applicable, a means shall be provided to re- 
strict the amount of air that can enter the pressure tank from 
the air supply system. A means shall also be provided to pie- 
ve n t wate r fro m backfl ow i n g i n to th e ai r s u p pi y sys te m . 

17.7.3 Fire Pump. 

17.7.3.1 A dedicated, automatically controlled pump that is 
listed for marine service, which takes suction from the sea, 
shall be provided to supply the sprinkler system. 

17.7.3.2 Where two pumps are required to ensure the reli- 
ability of the water supply, the pump that supplies the fire 
main shall be allowed to serve as the second fire pump. 

17.7.3.3* The pump shall be sized to meet the water demand 
of the hydraulically most demanding area. 

17.7.3.4 Pumps shall be designed to not exceed 120 percent 
of the rated capacity of the pump. 

17.7.3.5 The system shall be designed so that, before the sup- 
ply falls below the design criteria, the lire pump shall be auto- 
matically started and shall supply water to the system until 
manually shut off. 

17.7.3.6 Where pump and fresh water tank arrangement is 
used in lieu of the pressure tank, there must be a pressure 
switch that senses a system pressure drop of 25 percent, and 
the controller must automatically start the fire pump(s) if 
pressure is not restored within 20 seconds. 

17.7.3.7 There shall be not less than two sources of power 
supply for the fire pumps. Where the sources of power are 
electrical, these shall be a main generator and an emergency 
source of power. 

17.7.3.8 One supply shall be taken from the main switch- 
board by separate feeders reserved solely for that purpose. 

17.7.3.9 Such feeders shall be am to a changeover switch 
situated near to the sprinkler unit, and the switch normally 
s h a 1 1 b e k e p t c 1 o s e d to th e fe e d e r fro m tl i e e m e rge n cy s w itch- 
board. 

17.7.3.10 The changeover switch shall be clearly labeled, and 
no o th e r swi tc h shall be p e rm i t ted i n th e se fee d e rs. 
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17.7.3.11 Test Valves. 

17.7.3.11.1 A test va 1 ve (s) sh all be i n sta 11 ed on the d isch arge 
side ol: the pump with a short open-ended discharge pipe. 

17.7.3.11.2 The area of the pipe shall be adequate to permit 
the release of the required water output to supply the demand 
of th e h yd r a u I i c a 1 1 y m o s t re m o te a re a . 

17.7.3.12 Multiple Pumps. 

17.7.3.12.1 Wh e re two fi re pu m ps are req u i red to e n s ure the 

re 1 i a bi 1 i ty of th e wa te r s u p p 1 y, e a c h f i re p u m p s h al 1 meet th e 
requirements of 17.7.3.1 through 17.7.3.4. 

17.7.3.12.2 In addition, a system that is required to have 
more than one pump shall be designed to accommodate the 
following features: 

(l)*Pump controls and system sensors shall be arranged such 
that the secondary pump will automatically operate if the 
primary pump fails to operate or deliver the required wa- 
ter pressure and flow. [Figure A. 1 7. 7.3.12.2(1) is an example 
of an acceptable dual pump arrangement.] 

(2) Both pumps shall be served from normal and emergency 
power sources. However, where approved by the authority 
having jurisdiction, the secondary pump shall be permit- 
te d to be n o n e 1 ec tr i ca 1 1 y d rive n . 

( 3 ) P u.ni p fa i 1 u re o r o pe rati o n s hall be i n di ca ted at th e cen- 
tral safety station. 

17.7.3.13* If no t spec i 1 i cal ly p ro h i bi ted , th e fi re p urn p th a t 
supplies the fire main shall be permitted to be used as the 
se con d p u m p , p ro vi d e d th e fo 1 lo wi n g con d i ti oris are m e t: 

( 1 ) Th e p u m p i s a d eq u a te 1 y si ze d to m e e t the req u ir ed fi re 
hose and sprinkler system pressure and How demands si- 
multaneously. 

( 2 ) The :fi re m a i n sys te m is segre ga ted fro m th e sp ri n kl e r sys- 
tem by a normally closed valve that is designed to au to- 
rn a ti call y ope n u pon fa i 1 u re o f th e d es i gn ate d fi re pump. 

( 3 ) Th e fi \ e pu m p th a t s u p pi i es th e fi re m ai n is au torn atical ly 
s ta r ted in th e eve n t; of d ed i cate d fi re p u m p fai I u re or 1 oss 
of pressure in the sprinkler main. (See Figure A. 17. 7.3. 13.) 

17.7 .4 Water Supply Configurations. 

17.7.4.1 Th e p ressu re ta n k a n d fi re p u m p sh al 1 be 1 ocated i n 
a position reasonably remote from any machinery space of 
Category A. 

17.7.4.2 Al 1 va Ives w i th i n th e wa te r su p p 1 y p i pi n g sys te in sh all 
be supervised. 

17.7.4.3 Only fresh water shall be used as the initial charge 
within the piping network. 

17.7.4.4 The sprinkler system shall be cross-connected with 
the ship's fire main system and fitted with a lockable screw- 
down nonreturn valve such that backfiow from the sprinkler 
system to the fire main is prevented. 

17.7.4.5 The piping, tanks, and pumps that make up the wa- 
ter s up p 1 y s h a 1 1 be i n s t al 1 e d i n a ceo rd a n c e wi th th e app 1 i cabl e 
req u i re in e n ts o f 46 CFR, S u be h a p te r F, " Ma ri n e E n gi n e e ri n g. " 

17.7.4.6* When a shore water supply is to be used during ex- 
te n d ed d oc ks i d e pe ri o d s , th e wa te r s u p p 1 y sh al 1 be qua! i fi ed in 
th e m a n n er d esc v\ bed i n 15.2. 1 . 

17.7.4.7 Tests shall be conducted in accordance with the 
requirements of the local shore-based authority having 
jurisdiction. 



17.7.4.8 The wa te r supply i n form a ti on 1 i sted i n Se c ti on 11.3 
shall then be provided to the authority having jurisdiction. 

17.8 System Acceptance. 

17.8.1 Hydrostatic Tests. In addition to the interior piping, 
the test required by 1.6.2.1.10 shall also be conducted on all 
external water supply connections including international 
shore and iireboat connections. 

17.8.2 Alarm Test. A waterfiow test shall result in an alarm at 
th e ce n tral safe ty s ta ti o n wi th i n 3 sec o n d s afte r 1:1 ow th rou gh 
the test connection begins. 

17.8.3 Operational Tests. 

17.8.3.1 Pressure tan k a n d p u m p op e ra ti o n , va 1 ve a c t u a ti o n , 
and waterfiow shall also be tested. 

17.8.3.2 Pump operation and performance shall be tested in 
accordance with Chapter 14 of NF PA 20, Standard for the Instal- 
lation of Stationary Pumps for Fire Proieclion. 

17.9 System Instructions and Maintenance. 

17.9.1 Instructions for operation, inspection, maintenance, 
and testing shall be kept on the vessel. 

17.9.2 Records of inspections, tests, and maintenance re- 
quired by NFPA25, Standard for the Inspection, Testing, and Main- 
tenance of Water-Based Fire. Protection Systems, shall also be kept on 
the vessel. 



Chapter 18 System Inspection, Testing, and 
Maintenance 

18.1* General. A sprinkler system installed in accordance with 
this standard shall be properly inspected, tested, and main- 
tained in accordance with NFPA25, Standard for the Inspection, 

Testing, and Maintenance of Water-Based Fire Proieclion Systems, to 
provi d e at 1 e as t th e sam e 1 eve 1 of p e rfo rrn an ce an d p ro tec ti on 
as designed. 



Annex A Explanatory Material 

Annex A is not a pari of the requirements of this NFPA document 

but is included for informational purposes only. This annex contains 
explanatory material, numbered, lo correspond with the applicable text 
paragraphs. 

A. 1 . 1 Th i s s tand aid provi d es a ran ge of sp ri n kl e r sys te m ap- 
p roaches, design development alternatives, and component 
options that are all acceptable. Building owners and their des- 
ignated representatives are advised to carefully evaluate pro- 
posed selections for appropriateness and preference. 

A. 1 . 2 Si n c e i ts i n c ep ti on , th i s d oc u in e n t h a s been d e ve 1 oped 
on the basis of standardized materials, devices, and design 
practices. However, Section 1.2 and other subsections such as 
6.3.6 and 8.4.9 allow the use of materials and devices not spe- 
cifically designated by this standard, provided such use is 
within parameters established by a listing organization. In us- 
ing such materials or devices, it is important that all condi- 
tions, requirements, and limitations of the listing be fully un- 
derstood and accepted and that the installation be in 
complete accord with such listing requirements. 
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A. 3. 2.1 Approved. The National Fire Protection Association 
does not approve, inspect, or certify any installations, proce- 
dures, equipment, or materials; nor does it approve or evalu- 
ate testing laboratories. In determining the acceptability of 
installations, procedures, equipment, or materials, the author- 
ity having jurisdiction may base acceptance on compliance 
with NFPA or other appropriate standards. In the absence of 
such stan da id s , sai cl an th o ri ty m ay req u i re evi den ce of p ro p e r 
installation, procedure, or use. The authority having jurisdic- 
tion may also refer to the listings or labeling practices of an 
organization that is concerned with product, evaluations and is 
thus in a position to determine compliance with appropriate 
standards for the current production of listed items. 

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase "au- 
thor! ty h avi n g j u r i sd i c ti o n , " or its ac ro ny m AHJ , i s use d i n 
NFPA documents in a broad manner, since jurisdictions and 
approval agencies vary, as do their responsibilities. Where pub- 
lic safety is primary, the authority having jurisdiction may be a 
federal, state, local, or other regional department or indi- 
vidual such as a fire chief; fire marshal; chief of a fire preven- 
tion bureau, labor department, or health department; build- 
ing official; electrical inspector; or others having statutory 
authority. For insurance purposes, an insurance inspection de- 
partment, rating bureau, or other insurance company repre- 
se n tati ve m ay be th e an th o ri ty h avi n g j u ri sdi cti on . In m an y 
circumstances, the property owner or his or her designated 
agent assumes the role of the authority having jurisdiction; at 
government installations, the commanding officer or depart- 
mental official may be the authority having jurisdiction. 

A. 3. 2.3 Listed. The means for identifying listed equipment 
may vary For each organization concerned with product evalu- 
ation; some organizations do not recognize equipment as 
listed unless it is also labeled. The authority having jurisdic- 
tion should utilize the system employed by the listing organi- 
zation to identify a listed product. 

A.3.3.3 Bathroom. A room is still considered a bathroom if it 
containsjusta toilet. Additionally, two bathrooms can be adjacent 
to each other and are considered separate rooms provided they 
are enclosed with the required level of construction. 

A.3.3. 15 Miscellaneous Storage. The sprinkler system design 
criteria for miscellaneous storage at heights below 12 ft 
(3.7 m) is covered by this standard in Chapter 12. Chapter 12 
describes design criteria and Section 8.2 describes installation 
requirements (area limits). These requirements apply to all 
storage of 12 ft (3.7 in) or less in height. 

A.3.3.18 Reinforced Plastic Pallet. See Figure A.3.3.18(a) and 
Figure A.3.3. 18(b). 

A.3.3. 21 Sprinkler System. A sprinkler system is considered to 
have a single system riser control valve. The design and instal- 
lation of water supply facilities such as gravity tanks, fire 
pumps, reservoirs, or pressure tanks are covered by NFPA 20, 

Standard for the Installation of Stationary Pumps for Fire Protection, 
and NFPA 22, Standard for Water Tanks for Private Fire Protection. 

A.3.4.6 Gridded Sprinkler System. See Figure A. 3. 4.6. 

A.3.4.7 Looped Sprinkler System. See Figure A.3.4.7. 

A. 3.4.8 Preaction Sprinkler System. The actuating means of 
the valve are described in 7.3.2.1. Actuation of the detection sys- 
tem and sprinklers in the case of double-interlocked systems 
opens a valve that perm its water to Flow into the sprinkler piping- 
system and to be discharged from any sprinklers that are open. 




Reinforcements 

FIGURE A.3.3.18(a) Cut-Away Reinforced Plastic Pallet. 




Reinforcements 



FIGURE A.3.3.18(b) Assembled Reinforced Plastic Pallet. 



A. 3 . 5 See Figure A . 3 . 5 . 

A.3.6.1 General. The response time index (RTI) is a measure 
of th e se n s i ti vi ty of the sp ri n kl e r ' s th e r m a 1 e 1 e m e n t as i n s ta 1 1 ed 
in a specific sprinkler. It is usually determined by plunging a 
sprinkler into a h e a te d 1 a m i n a r a i r 11 o w w i thin a te s t o ve n . T h e 
p 1 u n ge tes t is n o t c u r re n tly a p p 1 i cab 1 e to ce r ta i n sprinkle rs . 
The RTI i s cal c u 1 ated us i n g th e fo 1 1 owi n g : 

( 1 ) The o pe rati n g ti m e of th e s p r i n kl e r 

(2) The operating temperature of the sprinkler's heat- 
responsive element (as determined in a bath test) 

(3) The air temperature of the test oven 

( 4) Th e air ve loci ty o f th e tes t ove n 

(5) The sprinkler's conductivity (c) factor, which is the mea- 
sure of conductance between the sprinkler's heat- 
respo n s i ve e 1 e m e n t a n d th e s p r i n kl e r ove n i n o u n t 
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FIGURE A.3.4.6 Gridded System. 
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To supply 
FIGURE A.3.4.7 Looped System. 



D Riser nipple 
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F Underground 
supply 




FIGURE A.3.5 Building Elevation Showing Parts of Sprinkler 
Piping System. 



Other factors affecting response include the temperature 
rating, sprinkler position, fire exposure, and radiation. 

ISO standard 6182-1 currently recognizes the RTI range of 
greater than 50 (meters-seconds) 1/2 and less than 80 (meters- 
seconds) i/2 as special response. Such sprinklers can be recog- 
nized as special sprinklers under 8.4.9.1. 

It should be recognized that the term fast response (like the 
term quick response used to define a particular type of sprinkler) 
refers to the thermal sensitivity within the operating element of a 
sprinkler, not the time of operation in a particular installation. 
There are many other factors, such as ceiling height, spacing, 
ambient room temperature, and distance below ceiling, that af- 
fect the time of response of sprinklers. In most fire scenarios, 
sprinkler activation times will be shortest where the thermal ele- 
ments are located 1 in. (25.4 mm) to 3 in. (76.2 mm) below the 
ceiling. A fast response sprinkler is expected to operate quicker 
than a standard response sprinkler in the same installation orien- 
tation. For modeling purposes, concealed sprinklers can be con- 
sidered equivalent to pendent sprinklers having a similar thermal 
response sensitivity installed 12 in. (305 mm) below smooth un- 
obstructed ceilings, and recessed sprinklers can be considered 
equivalent to pendent sprinklers having a similar thermal re- 
sponse sensitivity installed 8 in. (203 mm) below smooth unob- 
structed ceilings. 

A.3.6.2.1 Early Suppression Fast-Response (ESFR) Sprinkler. 

It is important to realize that the effectiveness of these highly 
tested and engineered sprinklers depends on the combina- 
tion of fast response and the quality and uniformity of the 
sprinkler discharge. It should also be realized that ESFR sprin- 
klers cannot be relied upon to provide fire control, let alone 
suppression, if they are used outside the guidelines specified 
in Chapter 12. 

A. 3. 6. 2. 7 Quick-Response Early Suppression (QRES) Sprin- 
kler. Research into the development of QRES sprinklers is 
continuing under the auspices of the National Fire Protection 
Research Foundation. It is expected that the proposed design 
criteria will be added to the standard when a thorough analysis 
of the test data is completed. 

A.3.6.2.1 2 Specific Application Control Mode Sprinkler (for 
Storage Use). Examples include large drop sprinklers or listed 
at a minimum operating pressure or density with a specific 
number of operating sprinklers — for example, specific appli- 
cation sprinklers. 

A.3.6.4.2 Dry Sprinkler. Under certain ambient conditions, 
wet pipe systems having dry-pendent (or upright) sprinklers 
can freeze due to heat loss by conduction. Therefore, due con- 
sideration should be given to the amount of heat maintained 
in the heated space, the length of the nipple in the heated 
space, and other relevant factors. 

Dry sprinklers are intended to extend into an un heated 
area from a wet pipe system or to be tised on a dry pipe system. 

A.3.7.1 Obstructed Construction. The following are examples 
of obstructed construction. The definitions are provided to assist 
the user in determining the type of construction feature. 

( 1 ) Beam, and Girder Construction, The term beam and girder con- 
structions used in this standard includes noncombustible 
and combustible roof or floor decks supported by wood 
beams of 4 in. (102 mm) or greater nominal thickness or 
concrete or steel beams spaced 3 ft to Vh ft (0.9 m to 
2.3 m) on center and either supported on or framed into 
girders. [Where supporting a wood plank deck, this in- 
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eludes semi-mill and panel construction, and where sup- 
porting (with steel framing) gypsum plank, steel deck, 
concrete, tile, or similar material, this includes much of 
the so-called n on combustible construction.] 

(2) Concrete Tee Construction. The term concrete tee construction as 
it is used in this standard refers to solid concrete members 
with stems (legs) having a nominal thickness less than the 
nominal height. See Figure A.3.7.1(a) for examples of 
concrete tee construction. 

(3) Composite Wood Joist Construction. The term composite wood 
joist construction refers to wood beams of "I" cross section con- 
structed of wood flanges and solid wood web, supporting a 
floor or roof deck. Composite wood joists can vary in depth 
up to 48 in. (1.2 m), can be spaced up to 48 in. (1.2 m) on 
centers, and can span up to 60 ft (18 m) between supports. 
Joist channels should be fires topped to the full depth of 
the joists with material equivalent to the web construction 
so that individual channel areas do not exceed 300 ft 2 
(27.9 m 2 ) . [See Figure A3. 7. 1(b) for an example of composite wood 

joist construction. ] 

(4) Panel Construction. The term panel construction as used in 
this standard includes ceiling panels formed by members 
capable of trapping heat to aid the operation of sprinklers 
and limited to a maximum of 300 ft 2 (27.9 m 2 ) in area. 
There should be no unfilled penetrations in the cross sec- 
tional area of the bounding structural members including 
the interface at the roof. Beams spaced more than 714 ft 
(2.3 m) apart and framed into girders qualify as panel 
construction, provided the 300- ft 2 (27.9-ur) area limita- 
tion is met. 

(5) Semi-Mill Construction. The term semi-mill construction as 
used in this standard refers to a modified standard mill 
construction, where greater column spacing is used and 
beams rest on girders. 

(6) Wood foist Construction. The term wood joist construction re- 
fers to solid wood members of rectangular cross section, 
which can vary from 2 in. to 4 in. (51 mm to 102 mm) 
nominal width and can be up to 14 in. (356 mm) nominal 
depth, spaced up to 3 ft (0.9 m) on centers, and can span 
up to 40 ft (12 in) between supports, supporting a floor or 
roof deck. Solid wood members less than 4 in. (102 mm) 
nominal width and up to 14 in. (356 mm) nominal depth, 
spaced more than 3 ft (0.9 m) on centers, are also consid- 
ered as wood joist construction. 

(7) Bar joist Construction with Fireproofing. In order to meet 
building codes, bar joists are often covered with fireproof- 
ing materials. In such an event, if greater than 30 percent 
of the area of the joist is obstructed, it should be consid- 
ered obstructed construction. 

A.3.7.2 Unobstructed Construction. The following are ex- 
amples of unobstructed construction. The definitions are pro- 
vided to assist the user in determining the type of construction 
feature. 

(1) Bar joist Construction. The term bar joist construction refers 
to construction employing joists consisting of steel truss- 
shaped members. Wood truss-shaped members, which 
consist of wood top and bottom chord members not ex- 
ceeding 4 in. (102 mm) in depth with steel tube or bar 
webs, are also defined as bar joists. Bar joists include non- 
combustible or combustible roof or floor decks on bar 
joist construction. [See Figure A3. 7. 2(a) and Figure 
A3. 7.2(b) for examples of bar joist construction.] 
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FIGURE A.3.7. 1(a) Typical Concrete Tee Construction. 
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Typical Composite Wood Joist Con- 



(2) Open-Grid Ceilings. The term open-grid ceilings as used in 
this standard are ceilings in which the openings are '/i in. 
(6.4 mm) or larger in the least dimension, the thickness 
of the ceiling material does not exceed the least dimen- 
sion of the op e n i n gs , an d th e o pe n i n gs co n s ti tu te at 1 eas t 
70 percent of the ceiling area. 

(3) Smooth Ceiling Construction. The term smooth ceiling construc- 
tion as used in th i s s tan d arc! i n eludes the f o 1 1 ow i n g : 

(a) Flat slab, pan-type reinforced concrete 

(b) Continuous smooth bays formed by wood, concrete, 
or steel beams spaced more than IVt ft (2.3 m) on 
centers — beams supported by columns, girders, or 
trusses 

(c) Smooth roof or floor decks supported directly on 
girders or trusses spaced more than 1 X A ft (2.3 m) on 
center 

(d) Smooth monolithic ceilings of at least % in. (19 mm) 
of plaster on metal lath or a combination of materials 
of equivalent fire-resistive rating attached to the un- 
derside of wood joists, wood trusses, and bar joists 

(e) Open-web-type steel beams, regardless of spacing 



2002 Edition 



13-202 



INSTALLATION OF SPRINKLER SYSTEMS 



(4) 



(5) 



(i) Smooth shell-type roofs, such as folded plates, hyper- 
bolic paraboloids, saddles, domes, and long barrel 
shells 

(g) Suspended ceilings of combustible or n on combus- 
tible construction 

(h) Smooth monolithic ceilings with fire resistance less 
than that specified under item (d) attached to the 
underside of wood joists, wood trusses, and bar joists 

Combustible or noncombustible floor decks are permit- 
ted in the construction specified in A. 3.7. 2(3) (b) through 
( f) . J te m ( b ) wo 1 1 1 d i n c 1 u d e s ta n d ard mill co n s t rue ti o n . 
Standard Mill Orris (ruction. The term standard mill construc- 
tion as used in this standard refers to heavy timber con- 
struction as de lined in NFPA 220, Standard on Types of 
Building Construction. 

Wood Truss Construction, The term wood, truss construction 
refers to parallel or pitched wood chord members con- 
nected by open wood members (webbing) supporting a 
root or floor deck. Trusses with steel webbing, similar to 
bar joist construction, having top and bottom wood 
chords exceeding 4 in. (1 02 mm) in depth, should also be 
co n s i d e i ed wo od truss c o n str u c ti o n . [See Figure A. 3.1. 2(c). ] 




\ T 

Continuous 2 times load share bridging 
[minimum size 2 in. x 6 in. {50 mm x 152 mm) #2 spruce pine fir] 




'4 in. (102 mm) or less 
FIGURE A.3.7.2(a) Wood Bar Joist Construction. 




FIGURE A.3.7.2(b) Open-Web Bar Joist Construction. 

A.3.8.1 Private Fire Service Main. See Figure A.3. 8.1. 

A. 3. 9. 1.2 Open Array. Fire tests conducted to represent a 
c 1 ose d a r ra y u ti 1 i zed 6-i n . ( 1 5 2-m m ) I o ngi tu d i n a 1 fl ties and n o 
transverse flues. Fire tests conducted to represent an open 
array uti 1 bed 1 2-i n . ( 305-m in ) longitudinal flues. 

A. 3. 9. 2 Available Height for Storage. For new sprinkler instal- 
lations, the maximum height of storage is the height at which 
commodities can be stored above the floor where the mini- 
mum required unobstructed space below sprinklers is inain- 
tai n ed . For the e va 1 1 1 a ti o n of ex i s ti n g s i tu a ti o n s , the maxi m u in 



Figure A. 3. 7. 2(c) Examples of Wood Truss Construction. 



height of storage is the maxi mum existing height, if space 
between the sprinklers and storage is equal to or greater than 
required. 

A. 3. 9. 6 Compartmented. Cartons used in most of the Factory 
Mutual-sponsored plastic tests involved an ordinary 200-Ib 
(90.7-kg) test of outside corrugated cartons with five layers of 
vertical pieces of corrugated cat ton used as dividers on the 
i n s i d e . T h e re we re al so s i n gl e h ori zo n tal p i eces of corr u gate d 
carton between each layer. 

Other tests sponsored by the Society of Plastics Industry, 
Industrial Risk Insurers, Factory Mutual, and Kemper used 
two vertical pieces of carton (not corrugated) to form an "X" 
in the carton for separation of product. This arrangement was 
not considered compartmented, as the pieces of carton used 
for separations were flexible (not rigid), and only two pieces 
were used in each carton. 

A.3.9.7 Container (Shipping, Master, or Outer Container). 

The term container includes items such as cartons and wrap- 
pings. Fire-retardant containers or tote boxes do not by them- 
selves create a need for automatic sprinklers unless coated 
with oil or grease. Containers can lose their fire-retardant 
properties if washed. For obvious reasons, they should not be 
exposed to rainfall. 

A.3.9.14 Pile Stability, Stable Piles. Pile stability performance 
has been shown to be a difficult factor to judge prior to a pile 
being subjected to an actual fire. In the test work completed, 
com par tm e n te d ca r tons (see A. 3. 9. 6, Compartmented) h ave been 
shown to be stable under fire conditions. Tests also indicated 
cartons that were not compartmented tended to be unstable 
under fire conditions. 

Storage on pallets, compartmented storage, and plastic 
components that are held in place by materials that do not 
deform readily under lire conditions are examples of stable 
storage. 
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Post indicator valve 



Monitor nozzle 



Building 



Check valve 
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Post indicator valve 
\<*^ SeeNFPA20 

. A 

1 ) ! @@ Fire pump 



Post 

indicator 
To water spray fixed valve 
system or open \ 

sprinkler system - 1 




Check valve 



Public main 



iBi:(K J) i 

• -•■ \^yj Water tank 



Control valves 



^ 



Check valve 



Pump discharge valve 
H — O- Hydrant 




From jockey pump 
From fire pump (if needed) 
To fire pump (if needed) 
To jockey pump 

P. 

Jr Private property line 



M J End of private fire service main 



Note: The piping (aboveground or buried) shown is specific as to the 
end of the private fire service main and schematic only for illustrative 
purposes beyond. Details of valves and their location requirements are 
covered in the specific standard involved. 

FIGURE A.3.8.1 Typical Private Fire Service Main. 



A.3.9.15 Pile Stability, Unstable Piles. Leaning stacks, 
crushed bo Horn cartons, and reliance on combustible bands 
for stability are examples of potential pile instability under a 
fire condition. An increase in pile height tends to increase 
instability. 

A.3.10.1 Aisle Width. See Figure A.3.10.1. 

A.3.10.4 Conventional Pallets. See Figure A.3.10.4. 

A.3.10.7 Longitudinal Flue Space. See Figure A.3. J 0.7. 

A. a. 10.8 Rack. Rack storage as referred to in this standard 
contemplates commodities in a rack structure, usually steel. 
Ma n y va r i a lions o f d i m e n s i o n s a re f o u n d . Ra c ks can be sing] e- 
row, d o u b 1 e- row. o r m 1 1 1 1 i p 1 e-r ovv, \v i th o r wi th o u t so lids h e 1 ves . 
Th e s ta n d a rd c o mm o d i ty use d i n m os t o I th e t ;es ts was 42 i n . 
(1 .07 m) on a side. The types of racks covered in this standard 
are as follows: 



"-O j~ 

-O 7 \ ~ 



Aisle width 




Plan View End View 

FIGURE A.3.10.1 Illustration of Aisle Width. 




Conventional pallet 




Solid flat bottom 
wood pallet (slave pallet) 

FIGURE A.3.10.4 Typical Pallets. 






Conventional 
pallet ^ 



FT 



Commodity 



Floor 



Section View 

Possible transverse flue spaces 



-Q- — 



: -D-_ 



Longitudinal 
flue space 



Longitudinal 
"" flue space 

Rows of storage 



Plan View 



FIGURE A.3.10.7 Typical Double-Row (Back-to-Back) Rack 
Arrangement. 
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(1) Double-Row Racks. Pallets rest on two beams parallel to the 
aisle. Any number of pallets can be supported by one pair 
of bea m s . [See Figure A3. 10. 8(a) through Figure A. 3. 10. 8(d). ] 

(2) Automatic Storage-Type Rack. The pallet is supported by two 
rails running perpendicular to the aisle. [See Figure 
A3. 10.8(e).]'' 

( 3 ) Mu U ip le-Row Racks More th a n Too Pallets Deep, Measured A isle 
to Aisle. These racks include drive-in racks, drive-through 
racks, flow-through racks, portable racks arranged in the 
same manner, and conventional or automatic racks with 
a isles 1 ess th an 42 i n . ( 1 . 7 m ) wid e . [See Figure A . 3. 1 0. 8(f) 
through Figure A . 3. 1 0. 8(k). ] 

(4) Movable Racks. Movable racks are racks on fixed rails or 
guides. They can be moved back and forth only in a hori- 
zontal, two-dimensional plane. A moving aisle is created as 
abutting racks are either loaded or unloaded, then moved 
a c ross th e a i s 1 e to a bu t o th e r racks . [See Figure A. 3.1 0. 8(k). ] 

(5) Solid Shelving. Conventional pallet racks with plywood 
shelves on the shelf beams [see Figure A. 3. 10.8(c) and Figure 
A3. 10.8(d)]. These racks are used in special cases. (See 
Chapter 12.) 

(6) Cantilever Rack. The load is supported on arms that extend 
horizontally from columns. The load can rest on the arms or 
on sh e Ives s up po rted by the arms . [See Figure A3. 10. 8(j). ] 

Load depth in conventional or automatic racks should be 
considered a nominal 4 ft (1.22 m). [See Figure A. 3. 10. 8(b).] 

A.3.11.4 Miscellaneous Tire Storage. The limitations on the 
type and size of storage are intended to identify those situa- 
tions where tire storage is present in limited quantities and 
incidental to the main use of the building. Occupancies such 
as aircraft hangars, automobile dealers, repair garages, retail 
storage facilities, automotive and truck assembly plants, and 
mobile home assembly plants are types of facilities where mis- 
cellaneous storage could be present. 





HK 





End View 
Double Row 

L Longitudinal flue space 
T Transverse flue space 



Aisle View 




A Load depth 
B Load width 
E Storage height 
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G Pallet 

H Rack depth 

L Longitudinal flue space 

7" Transverse flue space 



FIGURE A.3.l0.8(b) Double-Row Racks Without Solid or 
Slatted Shelves. 




A Shelf depth 
B Shelf height 
E Storage height 
F Commodity 



H Rack depth 

L Longitudinal flue space 

T Transverse flue space 



FIGURE A.3. 10.8(a) Conventional Pallet Rack. 



FIGURE A.3. 10.8(c) Double-Row Racks with Solid Shelves. 
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A Shelf depth 
B Shelf height 
E Storage height 
F Commodity 



H Rack depth 

L Longitudinal flue space 

7 Transverse flue space 



FIGURE A.3.10.8(d) Double-Row Racks with Slatted Shelves. 
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FIGURE A.3.10.8(e) Automatic Storage-Type Rack. 









End View 



L Longitudinal flue space 



FIGURE A.3.10.8(f) Multiple-Row Rack to Be Served by a 
Reach Truck. 
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Aisle 



End View 



T T~ 





Aisle View 

T Transverse flue space 

FIGURE A.3.10.8(g) Flow-Through Pallet Rack. 
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K 



End View 



T-+\ \<- 



TE: 



Aisle View 

T Transverse flue space 

FIGURE A.3. 10.8(h) Drive-In Rack — Two or More Pallets 
Deep (Fork Truck Drives into the Rack to Deposit and With- 
draw Loads in the Depth of the Rack). 
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Aisle View 




FIGURE A.3.10.8(i) Flow-Through Racks (Top) and Portable 
Racks (Bottom). 
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FIGURE A.3.10.8Q) Cantilever Rack. 
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End View 
Double Row 



Aisle View 
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FIGURE A.3.10.8(k) Movable Rack. 



A.3.11.9 Rubber Tire Rack Illustrations. Figure A3. 11.9(a) 
through Figure A.3. 11. 9(g) do not necessarily cover all pos- 
sible rubber tire storage configurations. 




FIGURE A.3.11.9(a) Typical Open Portable Tire Rack Unit. 




FIGURE A.3. 11.9(b) Typical Palletized Portable Tire Rack 
Units. 




76 in. 
-T (1.9 m) 
I typical 
33 in. 
(0.8 m) 



x 



in. 
(1.2 m) 
typical 



FIGURE A.3.11.9(c) Open Portable Tire Rack. 




A Load depth 
B Load width 
E Storage height 
F Commodity 



G Pallet 

H Rack depth 
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FIGURE A.3. 11 .9(d) Double-Row Fixed Tire Rack Storage. 




FIGURE A.3.11.9(e) Palletized Portable Tire Rack, On-Side 
Storage Arrangement (Banded or Unbanded). 
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FIGURE A.3.11.9(f) 
Banded. 



On-Floor Storage; On-Tread, Normally 




FIGURE A.3.11.9(g) Typical Laced Tire Storage. 



A.3.12.1 Baled Cotton. See Table A.3.12.1. 

A. 3 . 1 3 . 1 . 3 Standard Array (Paper) . T h e oc cas i o n a 1 presen ce 
of partially used rolls on top of columns of otherwise uniform 
diameter rolls does not appreciably affect the burning charac- 
teristics. 

A.3. 13.6.3 Wrapped Roll Paper Storage. Rolls that are com- 
pletely protected with a heavyweight kraft wrapper on both 
sides and ends are subject to a reduced degree of fire hazard. 



Table A.3.12.1 Typical Cotton Bale Types and Approximate Sizes 



Standard methods for wrapping and capping rolls are out- 
lined in Figure A.3. 13.6.3. 

In some cases, rolls are protected with laminated wrappers, 
using two sheets of heavy kraft with a high-temperature wax 
laminate between the sheets. Where using this method, the 
overall weight of wax-laminated wrappers should be based on 
the basis weight per 1000 ft 2 (92.9 m 2 ) of the outer sheet only; 
rather than on the combined basis weight of the outer and 
inner laminated wrapper sheets. A properly applied wrapper 
can have the effect of changing the class of a given paper to 
essentially that of the wrapper material. The effect of applying 
a wrapper to tissue has not been determined by test. 

A.3.13.7 Roll Paper Storage Height. The size of rolls and limi- 
tations of mechanical handling equipment should be consid- 
ered in determining maximum storage height. 

A.3.14.4 Heat-Sensitive Material. The backbone of the lire 
protection philosophy for U.S. flagged vessels and passenger 
vessels that trade internationally is limiting a fire to the com- 
partment of origin by passive means. Materials that do not 
withstand a 1-hour fire exposure when tested in accordance 
with ASTM E 119, Standard Test Methods for Fire Tests of. Building 
Construction and- Materials, are considered "heat sensitive." (See 
Figure A.3.14.4.) 

A.3.14.8 Marine System. Some types of sprinkler systems can 
closely resemble marine systems, such as a system installed on 
a floating structure that has a permanent water supply connec- 
tion to a public main. For these types of systems, judgment 
should be used in determining if certain aspects of Chapter 17 
are applicable. 

A.3.14.9 Marine Thermal Barrier. A marine thermal barrier is 
typically referred to as a B-15 boundary. 

A.5.1 Occupancy examples in the listings as shown in the 
various hazard classifications are intended to represent the 
norm for those occupancy types. Unusual or abnormal fuel 
loadings or combustible characteristics and susceptibility for 
changes in these characteristics, for a particular occupancy, 
are considerations that should be weighed in the selection and 
classification. 

The light hazard classification is intended to encompass 
residential occupancies; however, this is not intended to pre- 
clude the use of listed residential sprinklers in residential oc- 
cupancies or residential portions of other occupancies. 





Dimensions 


Average Weight 
lb kg 


Volume 


Density 


Bale Type 


in. 


mm 


ft* 


m s 


lb/ft 4 


kg/m 3 


Gin, flat 


55 x 45 x 28 


1397 x 1143x711 


500 


226.8 


40.1 


1.13 


12.5 


201 


Modified gin, flat 


55 x 45 x 24 


1397 x 1143x610 


500 


226.8 


34.4 


0.97 


14.5 


234 


Compressed, 


57 x 29 x 23 


1448 x 736x584 


500 


226.8 


22.0 


0.62 


22.7 


366 


standard 


















Gin, standard 


55x31 x 21 


1397x787x533 


500 


226.9 


20.7 


0.58 


24.2 


391 


Compressed, 


58x25x21 


1475 x 635 x 533 


500 


226.8 


17.6 


0.50 


28.4 


454 


universal 


















Gin, universal 


55 x 26 x 21 


1397 x 660 x 533 


500 


226.8 


17.4 


0.49 


28.7 


463 


Compressed, high 


58x22x21 


1473 x 559 x 533 


500 


226.8 


15.5 


0.44 


32.2 


515 


density 
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Wrapper 

Exterior wrapper 
Body wrapper 



International Shore Connection 



Body wrap 

Sleeve wrap 
Wrap — do not 
cap 



Heads 

Headers 



Inside heads 



Outside heads 



Edge protectors 

Edge bands 



Overwrap 



General term for protective wrapping of sides 
and ends on roll. 



Wrapper placed around circumference of roll. 
No heads or caps needed. 





Protection applied to the ends of the rolls (A and 
B). Heads do not lap over the end of the roll. 

Protection applied to the ends of the rolls 
next to the roll itself (S). The wrapper of 
the rolls is crimped down over these heads. 

Protection applied to the ends of the rolls on 
the outside (A). This head is applied after 
the wrapper is crimped. 

Refers to extra padding to prevent damage to 
roll edges (C). 

The distance the body wrap or wrapper overlaps 
itself (D). 



Threads to mate hydrants 
and hose at shore facilities 



Threads to mate hydrants 
and hose on ship ■ 




0.75 in. 
(19 mm) 



Ship 
Material: Brass or bronze 
suitable for 150 psi (10.3 bar) 
service (ship) 



0.75 in 
(19 mm) 



Shore 
Material: Any suitable for 1 50 psi 
(10.3 bar) service (shore) 
Flange surface: Flat face 
Gasket material: Any suitable for 
150 psi (10.3 bar) service 
Bolts: Four 5 / 8 -in. (16-mm) minimum 
diameter, 2-in. (51 -mm) long, 
threaded to within 1 in. (25.4 mm) 
of bolt head 
Nuts: Four, to fit bolts 
Washers: Four, to fit bolts 



FIGURE A.3.14.4 International Shore Fire Connection. 




Roll cap A protective cover placed 

over the end of a roll. 
Edges of cap lap over the 
end of the roll and are 
secured to the sides of the 
roll. 



FIGURE A.3. 13.6.3 Wrapping and Capping Terms and Methods. 



A.5.2 Light hazard occupancies include occupancies having 
uses and conditions similar to the following: 

Churches 

Clubs 

Eaves and overhangs, if of combustible construction with 
no combustibles beneath 

Educational 

Hospitals 

Institutional 

Libraries, except large stack rooms 

Museums 

Nursing or convalescent homes 

Offices, including data processing 

Residential 

Restaurant seating areas 

Theaters and auditoriums, excluding stages and prosceniums 

Unused attics 



A.5.3.1 Ordinary hazard occupancies (Group I) include oc- 
cupancies having uses and conditions similar to the following: 

Automobile parking and showrooms 

Bakeries 

Beverage manufacturing 

Canneries 

Dairy products manufacturing and processing 

Electronic plants 

Glass and glass products manufacturing 

Laundries 

Restaurant service areas 

A.5.3.2 Ordinary hazard occupancies (Group 2) include oc- 
cupancies having uses and conditions similar to the following: 

Cereal mills 

Chemical plants — ordinary 

Confectionery products 

Distilleries 

Dry cleaners 

Feed mills 

Horse stables 

Leather goods manufacturing 

Libraries — large stack room areas 

Machine shops 

Metal working 

Mercantile 

Paper and pulp mills 
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Paper process plants 

Piers and wharves 

Post offices 

P r i n ti n g a n d p nblis h i n g 

.Repair garages 

Resin application area 

Stages 

Textile' manu L t c 1 1 1 r i 1 1 g 

Tire manufacturing 

Tb ba .ex o p rod u c ts m a n 1 1 Pa c t u r.i n g 

Wood machining' 

Wood product assembly 

A. 5 . 4 . 1 E x t r a h a z a rd o c c 1 1 p a nci e s ( G r o up 1 ) i n c I u d e occu- 
pancies having uses and conditions similar to the following: 

Aircraft hangars (except: as governed by NFPA 409, Stan- 
dard on Aircraft Hangars) 

Go m b u s ti b 1 e h yd i a u 1 i c 11 1 1 i d i ise a re as 

Die casting 

Metal extruding 

P 1 y w o o d a n c 1 parti c 1 e bo a rd m a n 1 1 lac t. u r i n g 

Printing [using inks having flash points below 10()°F 
(38°C)] 

Rn b be r re c 1 a i i n i n g, c o m p o 1 1 rid i n g , d ryi n g , m i 1 1 i n g, vu 1 ca- 
ll i zing 

Saw mills 

Te x ti I e p i c k i n g , o p e i i i n g , b 1 e n cl i n g , ga r n e 1 1 i n g , o r c a r d i n g , 
co m hi 1 1 i n g of co ti o n , sy n i.h e lies, woo I s h od dy, o r burlap 

I J p 1 i o 1 s te ring w i t h plastic f o a m s 

A. 5. 4. 2 Extra hazard occupancies (Group 2) include o ecu- 
pa nci es 1 i a v i n g ti ses a n d c on d i ti o n s s i in i 1 ar to th e fol 1 owi n g: 

Asphalt saturating 

Fl a mm a bl e 1 i q u i ds s p ray i n g 

Flow coating 

M. a n u 1 a c t u re d 1 1 o n i e o r m o d u 1 a r building as s e in b lies 
(where Jin i shed enclosure is present and has combustible in- 
teriors) 

Open oil quenching 

Plastics processing 

Solvent, cleaning 

Va rn i s h a n d p a i n t cl i p p i n g 

A . 5 . 5 O t;h e i ' N F.PA s ta n d a rd s c o n la i n d esi g n ci i te r i a f o r II re 
control or lire suppression (see Section 5.5 and, Chapter 2). While 
these can form the basis of design criteria, this standard de- 
scribes the methods of design, installation, fabrication, calcu- 
1 a do n , a n d e va 1 1 1 a t i o n of- wa te r s up pi i es th at s h on Id be used f o r 
the specific design of the system. 

O th e i ■ N F.PA s ta n d a rd s c o n ta i n s p r i n kl e r sys te m d esign c r i- 
teria for' lire control or suppression of specific hazards. This 
i n 1 :o mi a ti o n 1 i as b ee n e i 1 1 ic r re i.e. re n ced o r co pi ed i n to G h ap- 
te r 1 3 u s i n g NFPA ' s ex t; rac t po 1 i cy, 

A. 5 . 6 S p ec i 11 c a t i o n < :> 1 th e ty pe , am o 1 1 n t, a n cl an a n ge m en t of 
co in b u s t i b 1 es fo r a n y co m m o d i ty c 1 ass i fl ca ti on i s e sse n ti a 1 1 y an 
attempt to define the potential fire severity, based on its burn- 
in g c h a i:a c te r i s t i c s , s o t h e II re can be s u c c e s sf u 1 1 y c o n t r o 1 1 e d by 
the prescribed sprinkler protection for the commodity class. 
In actual storage situations, however, many storage, arrays do 
not (It precisely into one of the fundamental classifications; 
t h e re fo i e , th e u se r tie ed s to i n a ke j u d gm e n ts a f te r co m pari n g 
each classification to the existing storage conditions. Storage 
a r ra ys c o n s i s t o f t h o u sa i id s o 1 ' p rod u c ts, wh i ch m a k e i t i m pos- 



sible to specify all the acceptable variations for any class. As an 
alternative, a variety of common products are classified in this 
appendix based on judgment, loss experience, and fire test 
results. 

Table A. 5. 6 provides examples of commodities not ad- 
d re sse d by th e class idea ti on s i n S e c ti o n 5.6. 

Table A. 5. 6. 3 is an alphabetized list of commodities with 
co rre sp o n d i n g cl ass i 11 call o ns . 

Table A.5.6.3.1 through Table A.5.6.3.4 and Table A.5. 6.4.1 
provide examples of commodities within a specific class. 

Table A.5.6 Examples of Commodities Not Addressed by the 
Classifications in Section 5.6 

Boxes, Crates 

-Empty, wood slatted 
Lighters (butane) 

- Loose in large containers (Level 3 aerosol) 

* Should be treated as idle pallets. 

A. 5. 6. 1.1 Commodity classification is governed by the types 
a n d am o u n ts o 1 in a te rials (e.g., m e ta 1 , p a p e r , w o o d , p las ti c s ) 
that are a part of a product and its primary packaging. How- 
ever, in a storage or warehousing situation, classification is also 
affected by such factors as the primary storage or shipping 
container material, the amount of air space, and the location 
of t h e m o re h a za r cl o u s m a te r i a 1 s w i t h i n t h e c o n ta i n e r. Fo r e x- 
ample, a Group A plastic product enclosed in a live- or six- 
sided metal container can be considered Class II, while a ce- 
ramic product heavily wrapped in tissue paper and placed in a 
corrugated carton could be Class III. 

A.5.6.3 See Table A.5. 6.3. 



Table A.5.6.3 Alphabetized Listing of Commodity Classes 



Commodity 



Commodity 
Class 



Class III 



Cl; 
Cl 



ass 1 
iss II 



Aerosols 

Cartoned or uncartoned 

- Level 1 
Alcoholic Beverages 

Cartoned or uncartoned 

- Up to 20 percent; alcohol in metal, 
glass, or ceramic containers 

- Up to 20 percent alcohol in wood 
containers 

Ammunition 

Small arms, shotgun 

- Pac ka ge d , carto n ed 
Appliances, Major (e.g., stoves, 

refrigerators) 

- N o t package d , no app re c i a b 1 e pi a s ti c 
exterior trim 

- Corrugated, cartoned (no appreciable 
plastic trim) 

Baked Goods 

Cookies, cakes, pies 

- F r o z e n , p a c k age d in c a r to ns ' 

- Pat: ka ge d , i n ca rto n s 



Class IV 



Cl; 

Cl; 



issl 
iss II 



Cl 
Cl 



ass II 
ass III 
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Table A.5.6.3 Continued 







Commodity 


Commodity 




Class 


Batteries 






Dry cells (nonlithium or similar exotic 




metals) 






- Packaged in cartons 




Class I 


- Blister-packed in cartons 




Class II 


Automobile 






-Filled 2 




Class I 


Truck or larger 






- Empty or filled 2 




Group A plastics 


Beans 






Dried 






- Packaged, cartoned 




Class III 


Bottles, jars 






Empty, cartoned 






- Glass 




Class I 


- Plastic PET (polyethylene 




Class IV 


terephthalate) 






Filled n on combustible powders 






-Plastic PET 




Class II 


- Glass, cartoned 




Class I 


- P 1 as ti c , ca r to n e d [ 1 ess th an 1 gal 


(3.8 


Class IV 


L)] 






- Plastic, uncartoned (other than 


PET), 


Group A plastics 


any size 






- Plastic, cartoned or exposed [greater 


Group A plastics 


than 1 gal (3.8 L)] 






- Plastic, solid plastic crates 




Group A plastics 


- Plastic, open plastic crates 




Group A plastics 


Filled noncombustible liquids 






- Glass, cartoned 




Class I 


- PI as ti c , car to n e d [1 ess th an 5 gal 


(18.9 


Class I 


L -) ] 






- Plastic, open or solid plastic crates'* 


Group A plastics 


-Plastic, PET 




Class I 


Boxes, Crates 






- Empty, wood, solid walls 




Class II 


- Empty, wood, slatted 4 




Outside of 
scope 


Bread 






Wrapped cartoned 




Class III 


Butter 






Whipped spread 




Class HI 


Candles 






Pac kaged , ca r to n e d 






- Treat as expanded plastic 




Group A plastics 


Candy 






Pac kage d , car to n ed 




Class III 


Canned Foods 






In ordinary cartons 




Class I 


Cans 






Metal 






- Empty- 




Class I 


Carpet Tiles 






Cartoned 




Group A plastics 


Cartons 






Corrugated 






- Unassembled (neat piles) 




Class III 


- Partially assembled 




Class IV 


Wax coated, single walled 




Group A plastics 


Cement 






Bagged 




Class I 


Cereals 






Packaged, cartoned 




Class III 



Commodity 



Commodity 
Class 



Charcoal 




Bagged 




- Standard 


Class III 


Cheese 




- Packaged, cartoned 


Class III 


- Wheels, cartoned 


Class III 


Chewing Gum 




Packaged, cartoned 


Class 111 


Chocolate 




Packaged , carlo n ed 


Class 111 


Cloth 




Cartoned and not cartoned 




- Natural fiber, viscose 


Class III 


- Synthetic/' 


Class IV 


Cocoa Products 




Packaged, cartoned 


Class III 


Coffee 




- Canned, cartoned 


Class 1 


- Packaged, cartoned 


Class I II 


Coffee Beans 




Bagged 


Class III 


Cotton 




Packaged, cartoned 


Class III 


Diapers 




- Cotton, linen 


Class III 


-Disposable with plastics and nonwoven 


Class IV 


fabric (in cartons) 




- Disposable with plastics and nonwoven 


Group A plastics 


fab r i c ( u n car to n e d ) , pi as ti c w rap pe d 




Dried Foods 




Packaged, carton ed 


Class III 


Fertilizers 




Bagged 




- Phosphates 


Class I 


- Nitrates 


Class II 


Fi be rgl ass 1 nsu 1 a ti o n 




- Paper-backed rolls, bagged or 


Class IV 


unbagged 




File Cabinets 




Metal 




- Cardboard box or shroud 


Class I 


Fish or Fish Products 




Frozen 




- Nonwaxed, nonplastic packaging 


Class I 


- Waxed-paper containers, cartoned 


Class II 


- Boxed or barreled 


Class II 


- Plastic trays, cartoned 


Class III 


Canned 




- Cartoned 


Class I 


Frozen Foods 




N o nwaxe d , no n plas ti c pa c kagi n g 


Class I 


- Wa xe d - p ap e r c o n ta i n e i s , c a r to n e d 


Class II 


- Plastic trays 


Class III 


Fruit 




Fresh 




- Nonplastic trays or containers 


Class I 


-With wood spacers 


Class I 


Furniture 




Wood 




- No plastic coverings or foam plastic 


Class 111 


cushioning 




- With plastic coverings 


Class IV 


-With foam plastic cushioning 


Group A plastics 
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Table A. 5 . 6 . 3 Continued 



Table A. 5 . 6 . 3 Continued 



Commodity 



Commodity 
Class 



Commodity 



Commodity 
Class 



Class III 
Class III 
Class III 
Class I 
Class III 

Class II 



Class II 



G rains — Pack age cl i n C a r to n s 

- Barley 

- Rice 

- Oats 
Ice Cream 
Leather Goods 
Leather Hides 

Baled 
Light Fixtures 
Nonplastic 

- Cartoned 
Lighters 

Butane 

- Blister-packed, cartoned 

- Loose in large containers (Level 3 
aerosol) 

Liquor 

100 proof or less, 1 gal (3.8 L) or less, 
cartoned 

- G J ass ( pal 1 e ti zed ) <:> 

- Plastic bottles 
Marble 

Artificial sinks, counter tops 

- Cartoned, crated 
Margarine 

- Up to 50 percent oil (in paper or 
plastic containers) 

- Between 50 percent and 80 percent oil 
(in any packaging) 

Matches 

Packaged, cartoned 

- Paper 

- Wood 
Mattresses 

- Standard (box spring) 

- Fo am (in fi n. i s h e d f o r m ) 
Meat, Meat Products 

-Bulk 

- Canned, cartoned 

- Frozen, n on waxed, nonplastic 
containers 

- Frozen, waxed-paper containers 

- Frozen, expanded plastic trays 
Metal Desks 



-With plastic tops and trim 
Milk 

- N on waxed-paper containers 

- Wax ed-pa pe r con tai ners 

- Plastic containers 

- Containers in plastic crates 
Motors 

- Electric 
Nail Polish 

- 1-oz to 2-oz (29.6-ml to 59.1-ml) glass, 
cartoned 

- 1-oz to 2-oz (29.6-ml to 59.1-ml) plastic 
bottles, cartoned 

Nuts 

- Canned, cartoned 

- Packaged, cartoned 

- Bagged 
Paints" 

Fr i c ti o n- top ca n s , car ton ed 



Group A plastics 
Ontside of 
scope 



Class IV 
Class IV 



Class II 
Class III 
Group A plastics 



Class IV 
Group A plastics 

Class III 
Group A plastics 

Class I 
Class I 
Class I 

Class II 
Class II 

Class I 

Class I 
Class I 
Class I 
Group A plastics 

Class I 

Class IV 

Group A plastics 



Class I 
Class III 
Class III 



-Water-based (latex) Class I 

- Oil-based Class IV 
Paper Products 

- Books, magazines, stationery, Class III 
plastic-coated paper food containers, 
newspapers, cardboard games, or 

cartoned tissue products 

- Tissue products, uncartoned and Group A plastics 
plastic wrapped 

Paper, Rolled 

In racks or on side Class III 

- Medium- or heavyweight 

In racks Class IV 

- Lightweight 
Paper, Waxed 

Packaged in cartons Class IV 

Pharmaceuticals 
Pills, powders 

- Glass bottles, cartoned Class II 

- Plastic bottles, cartoned Class IV 
Nonflammable liquids 

- Glass bottles, cartoned Class II 
Photographic Film 

- Motion picture or bulk rolls of film in Class II 
polycarbonate, polyethylene, or metal 

cans; polyethylene bagged in cardboard 
boxes 

- 35-mm in metal film cartridges in Class III 
polyethylene cans in cardboard boxes 

- Paper, in sheets, bagged in Class III 
polyethylene, in cardboard boxes 

- Rolls in polycarbonate plastic cassettes, Class IV 
bulk wrapped in cardboard boxes 

Plastic Containers (except PET) 

- Noncornbustible liquids or semiliquids Class I 
in plastic containers less than 5 gal (18.9 

L) capacity 

- Noncornbustible liquids or semiliquids Class II 
(such as ketchup) in plastic containers 

with nominal wall thickness of l A in. 
(6.4 mm) or less and larger than 5 gal 
(18.9) capacity 

- Noncornbustible liquids or semiliquids Group A plastics 
(such as ketchup) in plastic containers 

with nominal wall thickness greater than 
f /i in. (6.4 mm) and larger than 5 gal 
(18.9 L) capacity 
Polyurethane 

- Cartoned or uncartoned expanded Group A plastics 
Poultry Products 

- Canned, cartoned Class I 

- Frozen, nonwaxed, nonplastic Class I 
containers 

- Frozen (on paper or expanded plastic Class II 
trays) 

Powders 

Ordinary combustibles — free flowing 

- In paper bags (e.g., flour, sugar) Class II 
PVA (polyvinyl alcohol) Resins 

PVC (polyvinyl chloride) 
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Table A.5.6.3 Continued 







Commodity 


Commodity 




Class 


-Flexible (e.g., cable jackets, plasticized 


Class III 


sheets) 






- Rigid (e.g., pipe, pipe fittings) 




Class III 


- Bagged resins 




Class III 


Rags 






Baled 






- Natural fibers 




Class III 


- Synthetic fibers 




Class IV 


Rubber 






- Natural, blocks in cartons 




Class IV 


- Synthetic 




Group A plastics 


Salt 






- Bagged 




Class I 


- Packaged, cartoned 




Class II 


Shingles 






- Asphalt-coated fiberglass 




Class III 


- Asphalt-impregnated felt 




Class IV 


Shock Absorbers 






- Metal dust cover 




Class II 


- Plastic dust cover 




Class III 


Signatures 






Books, magazines 






- Solid array on pallet 




Class II 


Skis 






- Wood 




Class III 


- Foam core 




Class IV 


Stuffed Toys 






Foam or synthetic 




Group Aplastics 


Syrup 






-Drummed (metal containers) 




Class I 


- Barreled, wood 




Class II 


Textiles 






Natural fiber clothing or textile 




Class III 


products 






Syndic tics (except rayon and nylon) — 




50/50 blend or less 






- Thread, yarn on wood or paper spools 


Class III 


- Fabrics 




Class III 


- Thread, yarn on plastic spools 




Class IV 


- Baled fiber 




Group A plastics 


Synthetics (except rayon and nyl 


on) — 




greater than 50/50 blend 






- Thread, yarn on wood or paper 


spools 


Class IV 


- Fabrics 




Class IV 


- Baled fiber 




Group A plastics 


- Thread, yarn on plastic spools 




Group A plastics 


Rayon and nylon 






- Baled fiber 




Class IV 


- Thread, yarn on wood or paper 


spools 


Class IV 


- Fabrics 




Class IV 


- Thread, yarn on plastic spools 




Group A plastics 


Tobacco Products 






In paperboard cartons 




Class III 


Transformers 






Dry and oil filled 




Class I 


Vinyl-Coated Fabric 






Cartoned 




Group A plastics 


Vinyl Floor Coverings 






- Tiles in cartons 




Class IV 



Commodity 



Commodity 

Class 



- Rol led G i o u p A p 1 as tics 
Wax-Coated Paper 

Cups, plates 

- Boxed or packaged inside cartons 
(emphasis on packaging) 

- Loose inside large cartons 
Wax 

Paraffin/petroleum wax, blocks, 
cartoned 
Wire 

- Bare wire on metal spools on wood 
skids 

- Bare wire on wood or cardboard spools 
on wood skids 

- Bare wire on metal, wood, or 
cardboard spools in cardboard boxes on 
wood skids 

- Single- or multiple-layer PVC-covered 
wire on metal spools on wood skids 

- Insulated (PVC) cable on large wood 
or metal spools on wood skids 

- Bare wire on plastic spools in 
cardboard boxes on wood skids 

- Single- or multiple-layer PVC-covered 
wire on plastic spools in cardboard 
boxes on wood skids 

- Single, multiple, or power cables 
(PVC) on large plastic spools 

- Bulk storage of empty plastic spools 
Wood Products 

- Solid piles — lumber, plywood, Class II 
particleboard, pressboard (smooth ends 

and edges) 

- Spools (empty) Class III 

- Toothpicks, clothespins, hangers in Class III 
cartons 

- Doors, windows, wood cabinets, and Class III 
furniture 

- Patterns Class IV 

1 The product is presumed to be in a plastic-coated package in a 
c o r r u gate d c a r to n . If p ac kage d in a in e ta 1 to i 1 , i t c a n b e c o n s i d e re d 
Class I. 

2 M . ost batte r i e s h ave a pol y p r o pyl ene case a n d , i f s to r e d e m p ty, s h o u 1 d 
be treated as a Group A plastic. Truck batteries, even where filled, 
should be considered a Group Aplastic because of their thicker walls. 
'^As the openings in plastic crates become larger, the product behaves 
more like a Class III commodity. Conversely, as the openings become 
smaller, the product behaves more like a plastic. 

4 Th es e i . te m s s h ou 1 d be t re a te cl as idle pallets. 

5 Tests clearly indicate that a synthetic or synthetic blend is considered 
greater than Class III. 

b Wh e n 1 i q u o r i s s to red in gl ass c o n t a i n e r s in racks, its h on Id be co n- 
sidered a Class III commodity; where it is palletized, it should be con- 
sidered a Class IV commodity. 



Class IV 




Group A 


plastics 


Group A 


plastics 


Class I 




Class II 




Class 11 




Class II 




Class II 




Class IV 




Class IV 




Class IV 




Group A 


plastics 
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A.5.6.3.1 See Table A.5.6.3.I. 

Table A.5.6.3.1 Examples of Class I Commodities 

Alcoholic Beverages 

Cartoned or un cartoned 

- Up to 20 percent alcohol in metal, glass, or ceramic 
containers 

Appliances, Major (e.g., stoves, refrigerators) 

-Not packaged, no appreciable plastic exterior trim 

Batteries 

Dry cells (nonlithium or similar exotic metals) 

- Packaged in cartons 
Automobile 
-Filled* 

Bottles, Jars 

Empty, cartoned 

- Glass 

Filled noncombustible liquids 

- Glass, cartoned 

-Plastic, cartoned [less than 5 gal (18.9 L)] 

-Plastic, PET 

Filled noncombustible powders 

- Glass, cartoned 
Canned Foods 

In ordinary cartons 
Cans 
Metal 

- Empty 
Cement 

Bagged 
Coffee 

Canned, cartoned 
Fertilizers 

Bagged 

- Phosphates 
File Cabinets 

Metal 

- Cardboard box or shroud 
Fish or Fish Products 

Frozen 

- N on waxed, nonplastic packaging 
Canned 

- Cartoned 
Frozen Foods 

Nonwaxed, nonplastic packaging 
Fruit 
Fresh 

- Nonplastic trays or containers 

- With wood spacers 
Ice Cream 

Meat, Meat Products 

- Bulk 

- Canned, cartoned 

- Frozen, nonwaxed, nonplastic containers 
Metal Desks 

-With plastic tops and trim 
Milk 

- Nonwaxed-paper containers 

- Waxed-paper containers 

- Plastic containers 
Motors 

-Electric 
Nuts 

- Canned, cartoned 
Paints 

Friction-top cans, cartoned 



Table A.5.6.3.1 Continued 



- Water-based (latex) 
Plastic Containers 

- Noncombustible liquids or semiliquids in plastic 
containers less than 5 gal (18.9 L) capacity 

Poultry Products 

- Canned, cartoned 

- Frozen, nonwaxed, nonplastic containers 
Salt 

Bagged 
Syrup 

Drummed (metal containers) 
Transformers 

Dry and oil filled 
Wire 

Bare wire on metal spools on wood skids 

*Most batteries have a polypropylene case and, if stored empty, .should 
be treated as a Group A plastic. Truck batteries, even where filled, 
should be considered a Group A plastic because of their thicker walls. 

A.5.6.3.2 See Table A.5.6.3.2. 

Table A.5. 6.3.2 Examples of Class II Commodities 

Alcoholic Beverages 

Up to 20 percent alcohol in wood containers 
Appliances, Major (e.g., stoves) 

Corrugated, cartoned (no appreciable plastic trim) 
Baked Goods 

Cookies, cakes, pies 

- Frozen, packaged in cartons* 
Batteries 

Dry cells (nonlithium or similar exotic metals) in blister 
pack in cartons 
Bottles, Jars 

Filled noncombustible powders 

- Plastic PET 
Boxes, Crates 

Empty, wood, solid walls 
Fertilizers 
Bagged 

- Nitrates 

Fish or Fish Products 
Frozen 

- Waxed-paper containers, cartoned 

- Boxed or barreled 
Frozen Foods 

Waxed-paper containers, cartoned 
Leather Hides 

Baled 
Light Fixtures 

Nonplastic 

- Cartoned 
Marble 

Artificial sinks, countertops 

- Cartoned, crated 
Meat, Meat Products 

- Frozen, waxed-paper containers 

- Frozen, expanded plastic trays 
Pharmaceuticals 

Pills, powders 

- Glass bottles, cartoned 
Nonflammable liquids 

- Glass bottles, cartoned 
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Table A.5.6.3.2 Continued 



Table A.5.6.3.3 Continued 



Photographic Film 

- Motion picture or bulk rolls of film in polycarbonate, 
polyethylene, or metal cans; polyethylene bagged in 
cardboard boxes 

Plastic Containers 

Non combustible liquids or semi liquids (such as ketchup) 

in plastic containers with nominal wall thickness of 14 in. 

(6.4 mm) or less and larger than 5 gal (18.9 L) capacity 
Poultry Products 

Frozen (on paper or expanded plastic trays) 
Powders (ordinary combustibles — free flowing) 

In paper bags (e.g., flour, sugar) 
Salt 

Packaged, cartoned 
Shock Absorbers 

Metal dust cover 
Signatures 

Book, magazines 

- Solid array on pallet 
Syrup 

Barreled, wood 
Wire 

- Bare wire on wood or cardboard spools on wood skids 

- Bare wire on metal, wood, or cardboard spools in 
cardboard boxes on wood skids 

- Single- or multiple-layer PVC-covered wire on metal 
spools on wood skids 

- Insulated (PVC) cable on large wood or metal spools on 
wood skids 

Wood Products 
Solid piles 

- Lumber, plywood, particle board, pressboard (smooth 
ends and edges) 

*The product is in a plastic-coated package in a corrugated carton. If 
package dinametalfoil,itcanbeconside re d CI ass I . 

A.5.6.3.3 See Table A.5.6.3.3. 

Table A.5.6.3.3 Examples of Class III Commodities 

Aerosols 

Cartoned or uncartoned 

- Level 1 
Baked Goods 

Cookies, cakes, pies 

- Packaged, in cartons 
Beans 

Dried 

-Packaged, cartoned 
Bread 

Wrapped, cartoned 
Butter 

Whipped spread 
Candy 

Packaged, cartoned 
Cartons 

Corrugated 

-Unassembled (neat piles) 
Cereals 

Packaged, cartoned 



Charcoal 
Bagged 

- Standard 
Cheese 

- Packaged, cartoned 

- Wheels, cartoned 
Chewing Gum 

Packaged, cartoned 
Chocolate 

Packaged, cartoned 
Cloth 

Cartoned and not cartoned 

- Natural fiber, viscose 
Cocoa Products 

Packaged, cartoned 
Coffee 

Packaged, cartoned 
Coffee Beans 

Bagged 
Cotton 

Packaged, cartoned 
Diapers 

Cotton, linen 
Dried Foods 

Packaged, cartoned 
Fish or Fish Products 

Frozen 

- Plastic trays, cartoned 
Frozen Foods 

Plastic trays 
Furniture 
Wood 

- No plastic coverings or foam plastic cushioning 
Grains — Packaged in Cartons 

- Barley 

- Rice 
-Oats 

Margarine 

Up to 50 percent oil (in paper or plastic containers) 
Mattresses 

Standard (box spring) 
Nuts 

- Packaged, cartoned 

- Bagged 
Paper Products 

Books, magazines, stationery, plastic-coated paper food 
containers, newspapers, cardboard games, cartoned tissue 
products 
Paper, Rolled 

In racks or on side 

- Medium or heavyweight 
Photographic Film 

- 35-mm in metal film cartridges in polyethylene cans in 
cardboard boxes 

- Paper, in sheets, bagged in polyethylene, in cardboard 
boxes 

PVC (polyvinyl chloride) 

- Flexible (e.g., cable jackets, plasticized sheets) 

- Rigid (e.g., pipe, pipe fittings) 

- Bagged resins 
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Table A.5.6.3.3 Continued 



Table A.5.6.3.4 Continued 



Rags 
Baled 

- Natural fibers 
Shingles 

A sp h a 1 t-c o a te cl 1 i b e r gl as s 
Shock Absorbers 

Plastic dust cover 
Skis 

Wood 
Textiles 

Natural fiber clothing or textile products 

Synthetics (except rayon and nylon) — 

50/50 blend or less 

- Thread, yarn on wood or paper spools 

- Fabrics 

To ba ceo Prod u c ts 

In paper board cartons 
Wood Products 

- Spools (empty) 

- Toothpicks, clothespins, hangers in cartons 

- Doors, windows, wood cabinets, and furniture 



A.5.6.3.4 See Table A.5.6.3.4. 

Table A.5.6.3.4 Examples of Class IV Commodities 

Ammunition 

Small arms, shotgun 

- Packaged, cartoned 
Bottles, jars 

Empty, cartoned 

- Plastic PET (polyethylene terephthalate) 
Fill ed n o n c o m b u s ti b 1 e powd e rs 

- Plastic, cartoned [less than 1 gal (3.8 L)] 
Cartons 

Corrugated 

- Partially assembled 
Cloth 

Cartoned and not cartoned 

- Synthetic 1 
Diapers 

Disposable with plastics and nonwoven fabric (in cartons) 
Fi be rgl ass I n su 1 a ti o n 

- Paper-backed roils, bagged or un bagged 
Furniture 

Wood 

-With plastic coverings 
Liquor 

100 proof or less, I gal (3.8 L) or less, cartoned 
-Glass (palletized)" 

- Plastic bottles 
Matches 

Packaged, cartoned 

- Paper 
Nail Polish 

1-oz to 2-oz (29.6-ml to 59.1 -ml) glass, cartoned 
Paints 

Friction-top cans, cartoned 

- Oil based 



Paper, Rolled 
In racks 

- Lightweight 
Paper, Waxed 

Packaged in cartons 
Pharmaceuticals 
Pills, powders 

- Plastic bottles, cartoned 
Photographic Film 

- Rolls in polycarbonate plastic cassettes, bulk wrapped in 
cardboard boxes 

PVA (polyvinyl alcohol) Resins 

Bagged 
Rags 

Baled 

- Synthetic fibers 
Rubber 

Natural, blocks in cartons 
Shingles 

Asphalt-impregnated felt 
Skis 

Foam core 
Textiles 

Synthetics (except rayon and nylon) — 

50/50 blend or less 

- Thread, yarn on plastic spools 

Synthetics (except rayon and nylon) — greater than 50/50 
blend 

- Thread, yarn on wood or paper spools 

- Fabrics 
Rayon and nylon 

- Baled fiber 

- Thread, yarn on wood or paper spools 

- Fabrics 

Vinyl Floor Coverings 

Tiles in cartons 
Wax-Coated Paper 

Cups, plates 

- Boxed or packaged inside cartons (emphasis is on 
packaging) 

W 7 ire 

- Bare wire on plastic spools in cardboard boxes on wood 
skids 

- Single- or multiple-layer PVC-covered wire on plastic 
spools in cardboard boxes on wood skids 

- Single, multiple, or power cables (PVC) on large plastic 
spools 

W r ood Products 
Patterns 

1 Tests clearly indicate that a synthetic or synthetic blend is considered 
greater than Class III. 

* Where liquor is stored in glass containers in racks, it should be con- 
sidered a Class III commodity; where it is palletized, it should be con- 
sidered a Class IV commodity. 



A.5.6.4 The categories listed in 5.6.4.1, 5.6.4.2, and 5.6.4.3 
are based on unmodified plastic materials. The use of fire- or 
flame-retarding modifiers or the physical form of the material 
could change the classification. 

A.5.6.4.1 See Table A.5.6.4.1. 
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Table A.5. 6.4.1 Examples of Group A Plastic Commodities 

Batteries 

Truck or larger 

- Empty or filled ' 
Bottles, Jars 

Empty, cartoned 

- Plastic (other than PET), any size 
Filled noncornbustible liquids 

- Plastic, open or solid plastic crates 2 
Filled noncornbustible powders 

- Plastic, cartoned or tin cartoned [greater than 1 gal (3.8 
L)] 

- Plastic, solid plastic crates 

- Plastic, open plastic crates 
Candles 

Packaged, cartoned 

- Treat as expanded plastic 
Carpet Tiles 

Cartoned 
Cartons 

Wax coated, single walled 
Diapers 

Disposable with plastics and nonwoven fabric 

(uncartoned), plastic wrapped 
Furniture 

Wood 

- With foam plastic cushioning 
Lighters 

Butane 

- Blister-packed, cartoned 
Margarine 

Between 50 percent and 80 percent oil (in any packaging) 
Matches 

Packaged, cartoned 

-Wood 
Mattresses 

Foam (in finished form) 
Milk 

Containers in plastic crates 
Nail Polish 

1-oz to 2-oz (29.6-ml to 59.1-ml) plastic bottles, cartoned 
Paper Products 

Tissue products, uncartoned and plastic wrapped 
Plastic Containers 

- Combustible or noncornbustible solids in plastic 
containers and empty plastic containers 

- Noncornbustible liquids or semiliquids (such as ketchup) 
in plastic containers with nominal wall thickness greater 
than 14 in. (6.4 mm) and larger than 5 gal (18.9 L) 
capacity 

Polyure thane 

Cartoned or uncartoned expanded 
Rubber 

Synthetic 
Stuffed Toys 

Foam or synthetic 
Textiles 

Synthetics (except rayon and nylon) — 

50/50 blend or less 

- Baled fiber 

Synthetics (except rayon and nylon) — greater than 50/50 
blend 

- Baled fiber 



Table A.5.6.4.1 Continued 



- Thread, yarn on plastic spools 
Rayon and nylon 

- Thread, yarn on plastic spools 
Vinyl-Coated Fabric 

Cartoned 
Vinyl Floor Coverings 

Rolled 
Wax-Coated Paper 

Cups, plates 

- Loose inside large cartons 
Wax 

Paraffin/ petroleum wax, blocks, cartoned 
Wire 

Bulk storage of empty plastic spools 

1 Most batteries have a polypropylene case and, i ("stored empty, should 
be treated as a Group A plastic. Truck batteries, even where filled, 
should be considered a Group A plastic because of their thicker walls. 

2 As the openings in plastic crates become larger, the product behaves 
more like Class III. Conversely, as the openings become smaller, the 
p ro d u c t m ake u p b e h a ve s m o re 1 i ke a p las ti c . 

A.5.6.5 Paper Classification. These classifications were derived 
from a series of large-scale and laboratory-type small-scale fire 
tests. It is recognized that not all paper in a class burns with 
exactly the same characteristics. 

Paper can be soft or hard, thick or thin, or heavy or light and 
can also be coated with various materials. The broad range of 
papers can be classified according to various properties. One im- 
portant property is basis weight, which is defined as the weight of 
a sheet of paper of a specified area. Two broad categories are 
recognized by industry — paper and paperboard. Paperboard 
normally has a basis weight of 20 lb (9.1 kg) or greater measured 
on a 1000-ft 2 (92.9-m 2 ) sheet. Stock with a basis weight less than 
20 lb/ 1000 ft 2 (9.1 kg/92.9 m 2 ) is normally categorized as paper. 
The basis weight of paper is usually measured on a 3000-fr 
(278.7-m 2 ) sheet. The basis weight of paper can also be measured 
on the total area of a ream of paper, which is normally the case 
for the following types of printing and writing papers: 

(1) Bond paper — 500 sheets, 17 in. x 22 in. (432 mm x 
559 mm) = 1300 ft 2 (120.8 m 2 ) per ream 

(2) Book paper — 500 sheets, 25 in. x 38 in. (635 mm x 
965 mm) = 3300 ft 2 (306.6 m 2 ) per ream 

(3) Index paper — 500 sheets, 2bV> in. x 30 M: in. (648 mm 
x 775 mm) - 2700 ft 2 (250.8 m 2 ) per ream 

(4) Bristol paper — 500 sheets, 22V£ in. x 35 in. (572 nun 
x 889 mm) - 2734 ft 2 (254 m 2 ) per ream 

(5) Tag paper — 500 sheets, 24 in. x 36 in. (61 mm x 914 mm) 
- 3000 ft 2 (278.7 m 2 ) per ream 

For the purposes of this standard, all basis weights are ex- 
pressed in lb/ 1000 ft 2 (kg/92.9 m 2 ) of paper. To determine the 
basis weight per 1000 ft 2 (92.9 m~) for papers measured on a 
sheet of different area, the following formula should be applied: 



Base weight _ 
1000 ft 2 
Example: To determine the basis weight per 1000 fr (92.9 m 2 ) 



= basi s we i gh t x 1 000 m eas u red a re ;■ 

'mine the 
of 16-lb (7.3-kg) bond paper: 



16 lb 
1300 fr 



1000 = 



12.3 1b 
1000 ft" 
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Table A. 5. 6. 5 Paper Classification 



Heavyweight 



Mediumweight 



Lightweight 



Tissue 



.Linerboards 

Medium 

Kraft, roll wrappers 

Milk carton board 

Folding carton board 

Bristol board 

Tag 

Vellum bristol board 

Index 

Cupstock 

Pulp board 



Bo n d an d re p rod u c t ion 

Veil urn 

Offset; 

Tablet 

Computer 

Envelope 

Book 

Label 

Magazine 

Butcher 

Bag 

N e wsp r i n t ( u n w rapped ) 



Carbon izi n g tissue 
Cigarette 
Fruit wrap 
Onion skin 



Toilet tissue 
Towel tissue 



Large- and small-scale fire tests indicate that the burning 
ra te of p a p e i: va r i es vv i th th e ba s i s we i g h t. H eavywe i gh t pa pe r 
b urns m o re s 1 o w 1 y th a n 1 i gh twe i gh t pape r. Fu 11-scale ro.l 1 paper 
fi re te s is we i ' e c o n d u c te d w i th th e f : o 1 1 o vv in g t.y p e s of p ap e r : 

(1) Linerhoard — 42 lb/1000 fr (19.1 kg/92.9 m a ) nominal 
basis weight 

(2) Nauspnnt — 10 lb/1000 ft" (4.5 kg/92.9 mr) nominal ba- 
sis weight 

(3) Tissue"— 5 lb/ J 000 tr (2.3 kg/92.9 m 2 ) nominal basis 
weight 

The rate of fires pre ad over the surface of the tissue rolls 
was extremely rapid in the full-scale fire tests. The rate of lire- 
spread over the surface of the linerboard rolls was slower. 
Based o n th e o ve ra 1 1 res u 1 ts of th ese f u 1 1-sc a 1 e tes ts , al o n g wi th 
additional data from small-scale testing of various paper 
grades, the broad range of papers has been classified into 
th ree m a j o r c a te go r i es as fo 1 1 ows : 

(1) HeavyweiglU — Basis weight of 20 lb/1000 ft 2 (9.1 kg/ 92.9 
m~) or greater 

(2) Medhimwdgld— Basis weight of 10 lb to 20 lb/1000 ft 2 
(4.5 kg to 9.1 kg/92.9 nr)' 

(3) Lightweight — Basis weight of less than 10 lb/1000 ft 2 
(4.5 kg/92.9 m 2 ) and tissues regardless of basis weight 

The following SI units were used for conversion of English 
units: 

1 lb - 0.454 kg 

1 in. = 25.4 mm 

I ft = 0.3048 m 

1 it 2 - 0.0929 rn 2 

Th e var i o us types of pape rs no r m a 1 1 y f o u n d i n eac h o f th e 
fou r m a j o r ca tegori es a re provided i n Tabl e A. 5.6.5. 

A.6.1.1 Included among items requiring listing are sprin- 
klers, some pipe and some fittings, hangers, alarm devices, 
valves controlling flow of water to sprinklers, valve tamper 
switches, and gauges. 

A. 6.2. 2 The four- to six-character sprinkler identification 
number, with no intervening spaces, is intended to identify 
the sprinkler operating characteristics in lieu of the tradi- 
tional laboratory approval marking (e.g., SSU, SSP, EC, QR, 
etc.). The number, marked on the deflector of most sprinklers 
a nd e 1 s e w h e r e o i i d e c o r a t . i ve c e i I i n g s p r i n k 1 e rs , c o n s i s ts of o n e 
or two characters identifying the manufacturer, followed by 
three or four digits. 



Sp ri n k 1 e r m a n ufac t u re rs h ave i d e n till ed th e i r m an u f a c- 
turer designations for the listing organizations. Each change 
in orifice si/,e, response characteristics, or deflector (distribu- 
tion) characteristics results in a new sprinkler identification 
number. The numbers do not identify specific characteristics 
o f s p r i n kl e rs b u t can be ref e re n c ed i n th e d a t abase i n fo rm a- 
tion compiled by the listing organizations. At the plan review 
stage, the sprinkler identification number should be checked 
against such a database or the manufacturer's literature to 
ensure that sprinklers are being used properly and within the 
limitations of their listings. Field inspections can include spot 
checks to ensure that the model numbers on the plans are 
those a c tua 1 ly i n s tall e d . 

A.6.2.3.1 See Table A.6.2.3.1. 



Table A.6.2.3.1 Nominal Sprinkler Orifice Sizes 



Nominal Orifice Size 



Nominal 
K-f actor 



1.4 
1.9 

2.8 

4.2 

5.6 

8.0 

11.2 

14.0 

16.8 

19.6 

22.4 

25.2 

28.0 



Va 
% 

7 /l6 
% 



6.4 
8.0 
9.5 
11.0 
12.7 
13.5 
15.9 
19.0 



A.6.2.5 Information regarding the highest temperature that 
can be encountered in any location in a particular installation 
can be obtained by use of a thermometer that will register the 
highest temperature encountered; it should be hung for several 
days in the location in question, with the plant in operation. 

A.6. 2.6.1 Examples of such locations include the following: 



(1) Paper mills 

(2) Packinghouses 
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(3) Tanneries 

(4) Alkali plants 

( 5 ) O rgan i c i : e r ti 1 i ze r p I a n ts 

(6) Foundries 

(7) Forge shops 

(8) Fumigation, pickle, and vinegar works 

(9) Stables 

( 1 ) S to rage ba tte ly roo m s 

(11) Electroplating rooms 

(12) Galvanizing rooms 

(13) Steam rooms o f al 1 descri pi i o n s, in cl udi n g m ois t vapo r 
dry kilns 

(14) Sal t; s to rage ro o m s 

( 1 5 ) Lo co m o ti ve s h e ds or h o uses 

(16) Driveways 

(17) Areas exposed to outside weather, such as piers and 
wharves exposed to salt air 

(18) Areas under sidewalks 

(19) Areas around bleaching equipment in flour mills 

(20) A 11 p o r l j o n s a f c o 1 d s to r a ge bu i 1 d i n gs w here a d i r e c t a m - 
m o n i a e x p a n s i o n sy s te m i s u s e d 

(21) Po r ti o n s o f a n y p 1 an t; w h e re co r ros i ve va p o rs p revai I 

A. 6. 2. 6. 1 . 2 Ca re s h on 1 d be la k en in the h a n d I i ng a n d i ns tal- 
1 a ti o n of wax-coa te d o r s i m i 1 a r s p r i n kl e rs to a vo i d d am agi n g 

the coating. 

A.6.2.6.2 Painting of sprinklers can retard the thermal re- 
s po n se of th e he a t - resp o n s i ve e 1 e m e n t, c a n i n te lie re w i th the 
bee in o vera e n t o f pa r ts , an cl ca n re n de r th e s pr i n k 1 e r i n ope ra- 
ti ve. Moreover, painting can invite the application of subse- 
quent coatings, thus increasing the possibility of a malfunc- 
tion of the sprinkler. 

A. 6. 2. 7. 2 The use of the wrong type of escutcheon with re- 
cessed or (lush- type sprinklers can result in severe disruption 
of the spray pattern, which can destroy the effectiveness of the 
sprinkler. 

A.6.2.8 Sprinklers under open gratings should be provided 
with shields. Shields over automatic sprinklers should not be 
1 ess , i n 1 e as t d i m e n s i o n , th a n lb 1 1 r ti m es th e d i s ta n ce be twe e n 
the shield and fusible element, except special sprinklers incor- 
porating a built-in shield need not comply with this recom- 
m e n d a ti o n i f 1 i s ted f o r th e parti c u la r a ppl i cati o n . 

A. 6 . 2. 9. 1 A in i n i m u in o 1 two s p r i n kl e rs o f e ac h ty p e a n d te m- 
perature rating should be provided. 

A.6.3.2 See Table A.6.3.2. 

A.6.3.5 See Table A.6.3.5. 

A. 6. 3. 6 Other types of pipe and tube that have been investi- 
ga ted a n d 1 i s te d 1 o r s p r i n k 1 e r ap p 1 ica tio n s i n cl u de 1 i gh twe i gh t 
steel pipe and thermoplastic pipe and fittings. While these 
products can offer advantages, such as ease of handling and 
i n s tal 1 a ti o n , cos t -e ffe c ti ve n ess, red u c ti on o f fr i e tio n losses , an d 
improved corrosion resistance, it is important to recognize 
that they also have limitations that are to be considered by 
those contemplating their use or acceptance. 

Corrosion studies have shown that, in comparison to 
Sch ed u 1 e 40 pipe, th e ef fe c ti ve 1 i fe o f 1 i gh twe i gh t s tee 1 p i pe 
can be reduced, the level of reduction being related to its wall 
thickness. Further information with respect to corrosion resis- 
tan ce i s co n tai n e d i n the indivi d ual 1 i s ti n gs \h r sue h pipe. 

With respect to thermoplastic pipe and fittings, exposure 
o f s u c h p i p i n g to e 1 e va te cl te m p e r a t u res in e x c e s s o f th a t f o r 



winch it has been listed can result in distortion or failure. Ac- 
cordingly, care must be exercised when locating such systems 
to ensure that the ambient temperature, including seasonal 
variations, does not exceed the rated value. 

The upper service temperature limit of currently listed 
CPVC sprinkler pipe is 150°F (65.5°C) at 175 psi (12/1 bar). 
T h e u p p e r s e i'v i c e te m p e r a t u re limit o f c i i i re n 1 1 y 1 i s te cl p o 1 y~ 
bu ty 1 e n e sp ri n k 1 e r p ip e is 12 ° F ( 49 c C ) a t 175 psi (12.1 ba r ) . 

Not all pipe or tube made to ASTM F 442, Standard Specifi- 
cation for Chlorinated Poly (Vmyl Chloride) (CPVC) Plastic Pipe 
(SDR-PR), and ASTM D 3309, Stmidrcrd Specif icatu>n for Polyhuty- 
lene (PB) Plastic Plot- and, (-old -Water Dislri/mlion Systems, as de- 
s c r i b ed i n 6.3.6, is li s te d fo r 11 re s p r i n k I e r s e rv ice;. Lis ted p i pe i s 
i cl en ti fi e cl by th e 1 ogo of th e lis ti n g age n ey. 

Not all fittings made to ASTM F 437, Standard Sped/kalian for 
Threaded Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe Fittings, 
Schedule 80; ASTM F 438, Standard Specification for Socket-Type Chlo- 
rinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe Rltmgs, Scheduh 40; 
and ASTM F 439, Standard Specification for Socket-Type Chhrinatad 
Poly (Vinyl Chloride) (CPVC) Plastic Pipe Idlings, Schedule SO, as de- 
scribed in 6.4.3, are listed for fire sprinkler service. Listed fittings 
are identified by the logo of the listing agency. 

Consideration must also be given to the possibility of expo 
su re o f th e p i p i n g to e 1 eva ted te m pe ra tu res cl u ri n g a fi re . T 1 i e 
survival of thermoplastic piping under fire conditions is primarily 
due to the cooling effect of the discharge from the sprinklers it 
s e i Acs. As this cl i se h a t ge m i g 1 u n o t o cc u r s i m 1 1 1 ta 1 1 e < > u s I y wi th th e 
ri se i n an i b i e n t te n i pe r a tu re an cl , u n d e r s o m e c i r c r mi s t a . 1 1 c es , ca 1 1 
be delayed for periods beyond the tolerance of the piping, pro- 
tection in the form of a fire-resistant membrane is generally re- 
quired. (Some listings do provide for the use of exposed piping 
in conjunction with residential or quick-response sprinklers, but 
only under specific, limited installation criteria.) 

Where protection is required, it is described in the listing 
information for each individual product, and the require- 
ments given must be followed, it is equally important, that such 
p r o te c ti o n m u s t b em a i n ta i n e cl . R e m o va 1 o I , f o i ' e x a n i p 1 e , o i i e 
or more panels in a lay-in ceiling can expose piping in the 
concealed space to the possibility of failure in the event of a 
lire . Si mi I a i ly, th e re 1 oca tio n o f o pe n i n gs th ro ugh p ro tecti ve 
ceilings that expose the pipe to heat, inconsistent with the 
1 i s ti n g , won 1 d p lace th e sys t e m in j eo pa rd y. Th e po te n ti al ( b r 
I o s s of t h e p rote c ti v e n i e i n b r a n e u n cl e r e a r t h q u a k e c o n d i t i o n s 
should also be considered. 

Wh i 1 e th e 1 is ti n gs o I therm o p 1 a s ti c p i p i n g cl o n o t p ro h i b i t 
its installation in combustible concealed spaces where the pro- 
vis i o n of s p r i n kl e r p r o tec ti o n is n o t t e qui re d , a n cl w h i i e th e 
statistical record of fire originating in such spaces is low, it 
should be recognized that the occurrence of a lire in such a 
spa c e c o u Id res u 1 1 i n fai 1 u re o I th e p i p i 1 1 g sys te m . 

Th e i n . ves ti gat i o n o f p i p e a n cl tu he o th e r th a n cl esc r i be d in 
Table 6.3.1.1 should involve consideration of many far; tors, 
including the following: 

(1) Pressure rating 

(2) Beam strength (hangers) 

( 3 ) U ns u p po i te cl ve r ti cal s ta b i I i ty 

( 4 ) Move m e n t cl u ri n g s p r i n k 1 e r o pe ra ti o n ( a i'i'c c tin g wa te r 
distribution) 

( 5 ) Corrosi o n ( i 1 1 tc i n al a 1 1 cl e xt e r n al ) , c 1 1 e m i cal an d e 1 ec ti x ) 1 y ti c: 

(6) Resistance to failure when exposed to elevated tem- 
peratures 

( 7 ) Me th ods of j o i n i n g ( stre n gth , pe r rn an en ce , II re 1 1 aza i cl ) 

(8) Physical characteristics related to integrity during 
earthquakes 
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Table A.6.3.2 Steel Pipe Dimensions 





Outside 
Diameter 




Schedule 5 






Schedule 10 ;> 




Schedule 30 






Schedule 40 




Nominal 
Pipe Size 

(in.) 


Inside 
Diameter 


Wall 
Thickness 


Inside 
Diameter 


Wall 
Thickness 


Inside 
Diameter 


Wall 
Thickness 


Inside 
Diameter 


Wall 
Thickness 


in. 


mm 


in. 


mm 


in. 


mm 


in. 


mm 


in. 


mm 


in. mm 


in. 


mm 


in. 


mm 


in. 


mm 


'A> h 


0.840 


21-3 


— 








— 


0.674 


17.0 


0.083 


2.1 


— 








0.622 


15.8 


0.109 


2.8 


%'• 


] .0^0 


2<>,7 


__ 


_ 


— 


— 


0.884 


22.4 


0.083 


2.1 


__ _ 


__ 


— 


0.824 


21.0 


0.133 


2.9 


1 


1.315 


33.4 


1.185 


30.1 


0.065 


1.7 


1.097 


27.9 


0.109 


2.8 


_ __ 


— 


__ 


1.049 


26.6 


0.133 


3.4 


l'/i 


1.600 


42.2 


1.530 


38.9 


0.065 


1.7 


1 .442 


36.6 


0.109 


2.8 


_. _ 


— 


— 


1 .380 


35.1 


0.140 


3.6 


1 ¥> 


1 .900 


48.3 


J. 770 


45.0 


0.065 


1.7 


1.682 


42.7 


0.109 


2.8 


_ _ 


— 


_ 


1 .6.1.0 


40.9 


0.145 


3.7 


2 


2.375 


60.3 


2.245 


57.0 


0.065 


1.7 


2.157 


54.8 


0.109 


2.8 


— — 


— 


— 


2.067 


52.5 


0.154 


3.9 


214 


2.875 


73.0 


2.709 


68.8 


0.083 


2.1 


2.635 


66.9 


0.120 


3.0 


— — 


— 


— 


2.469 


62.7 


0.203 


5.2 


3 


3.500 


88.0 


3.334 


84.7 


0.083 


2.1 


3.260 


82.8 


0.120 


3.0 


_ __. 


_ 


__ 


3.068 


77.9 


0.216 


5.5 


Wi 


4.000 


101.6 


3.834 


97.4 


0.083 


2.1 


3.700 


95.5 


0.120 


3.0 


__ _ 


_ 


— 


3.548 


90.1 


0.226 


5.7 


4 


4.500 


1 14.3 


4.334 


110.1 


0.083 


2.1 


4.260 


108.2 


0.120 


3.0 


_ _ 


— 


— 


4.026 


102.3 


0.237 


6.0 


5 


5.503 


.141.3 


_ 


— 


_ 


__ 


5.295 


134.5 


0.134 


3.4 


_ _ 


_ 


— 


5.047 


128.2 


0.258 


6.6 


6 


6.625 


168.3 


6.407 


162.7 


0.109 


2.8 


6.357 


161.5 


0.134 c 


3.4 


_ __ 


_ 


_ 


6.065 


154.1 


0.280 


7.1 


8 


8.625 


210.1 


— 


_ 


__ 


— 


8.249 209.5 


0.138" 


4.8 


8.071 205.0 


0.277 


7.0 


7.981 


— 


0.322 


— 


10 


10.750 


273.1 


__ 


— 


— 


— 


10.370 


263.4 


0.188 C 


4.8 


10.140 257.6 


0.307 


7.8 


10.020 


— 


0.365 


— 


12 


12.750 


__ 


__ 


— 


— 


__ 


12.090 


— 


0.330 


— 


— — 


— 


— 


11.938 


— 


0.406 


— 



a Schedule 10 defined to 54 n. (127-imn) nominal pipe size byASTM A .135, Standard Specificatimi for E^^^ 
h These values applicable when used in conjunction with 8.14.19.3 and 8.14.19.4. 
(: Wall thickness specified in 6.3.2 and 6.3.3. 



Table A.6.3.5 Copper Tube Dimensions 





Outside 




Type 


K 






Type 


L 






Type 


M 






Inside 






Inside 


Wall 


Inside 


Wall 


Nominal 
Tube Size 

(in.) 


Diameter 


Diameter 


Wall Thickness 


Diameter 


Thickness 


Diameter 


Thickness 


in. 


mm 


in. 


mm 


in. 


mm 


in. 


mm 


in. 


mm 


in. 


mm 


in. 


mm 


% 


0.875 


22.2 


0.745 


18.9 


0.065 


1.7 


0.785 


19.9 


0.045 


1.1 


0.811 


20.6 


0.032 


0.8 


1 


1.125 


28.6 


0.995 


25.3 


0.065 


1.7 


1.025 


26.0 


0.050 


1.3 


1.055 


26.8 


0.035 


0.9 


VA 


1.375 


34.9 


1.245 


31.6 


0.065 


1.7 


1.265 


32.1 


0.055 


1.4 


1.291 


32.8 


0.042 


1.1 


1 Vi 


1 .625 


41.3 


1.481 


37.6 


0.072 


1.8 


1.505 


38.2 


0.060 


1.5 


1.527 


38.8 


0.049 


1.2 


2 


2.125 


54.0 


1.959 


49.8 


0.083 


2.1 


1.985 


50.4 


0.070 


1.8 


2.009 


5.1.0 


0.058 


1.5 


%Vi 


2.(525 


66.7 


2.435 


61.8 


0.095 


2.4 


2.465 


62.6 


0.080 


2.0 


2.495 


63.4 


0.065 


1.7 


3 


3.125 


79.4 


2.907 


73.8 


0.109 


2.8 


2.945 


74.8 


0.090 


2.3 


2.981 


75.7 


0.072 


1.8 


VA 


3.625 


92.1 


3.385 


86.0 


0.120 


3.0 


3.425 


87.0 


0.100 


2.5 


3.459 


87.9 


0.083 


2.1 


4 


4.125 


104.8 


3.857 


98.0 


0.134 


3.4 


3.905 


99.2 


0.110 


2.8 


3.935 


99.9 


0.095 


2.4 


5 


5.1.25 


130.2 


4.805 


122.0 


0.160 


4.1 


4.875 


123.8 


0.1.25 


3.2 


4.907 


124.6 


0.109 


2-8 


6 


6.125 


155.6 


5.741 


145.8 


0.192 


4.9 


5.845 


148.5 


0.140 


3.6 


5.881 


149.4 


0.122 


3.1 


8 


8.125 


206.4 


7.583 


192.6 


0.271 


6.9 


7.725 


196.2 


0.200 


5.1 


7.785 


197.7 


0.170 


4.3 


10 


.1.0.130 


257.3 


9.449 


240.0 


0.338 


8.6 


9.625 


244.5 


0.250 


6.4 


9.701 


246.4 


0.212 


5.4 



A. 6. 4. 3 Rubber-gasketed pipe fittings and couplings should 
not be installed where ambient temperatures can be expected 
to exceed 150°F (66°C) unless listed for this service. If the 
manufacturer further limits a given gasket compound, those 
recommendations should be followed. 

A.6.4.4 The rupture strength of cast-iron fittings 2 in. 
(50.8 mm) in size and smaller and malleable iron fittings 6 in. 
(152.4 mm) in size and smaller is sufficient to provide an ad- 
equate factor of safety. 

A.6.4.5 Listed flexible connections are permissible and en- 
couraged for sprinkler installations in racks to reduce the pos- 
sibility of physical damage. Where flexible tubing is used, it 
should be located so that it will be protected against mechani- 
cal injury. 

A.6.5. 1.2 Some steel piping material having lesser wall thick- 
ness than specified in 6.5.1.2 has been listed for use in sprin- 



kler systems where joined with threaded connections. The ser- 
vice life of such products can be significantly less than that of 
Schedule 40 steel pipe, and it should be determined if this 
service life will be sufficient for the application intended. 

All such threads should be checked by the installer using 
working ring gauges conforming to the "Basic Dimensions of 
Ring Gauges for USA (American) Standard Taper Pipe 
Threads, NPT," as per Table 8 of ASME Bl ..20.1, Pipe Threads, 
General Purpose, (Inch). 

A.6.5.2 See Figure A.6.5. 2(a) and Figure A.6.5. 2(b). 

A.6.5.2. 2 Cutting and welding operations account for 4 per- 
cent of fires each year in nonresidential properties and 8 per- 
cent in industrial and manufacturing properties. In-place 
welding of sprinkler piping introduces a significant hazard 
that can normally be avoided by shop-welding the piping and 
installing the welded sections with mechanical fittings. As a 
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Slip-on flange 




Standard "vee" buttweld 



Hole in 
y, pipe cut 
^ to fit inner 
diameter 
of fitting 



Standard "vee" 



Flange connection 





Welded outlet 



3-in. (76-mm) pipe 

nwwnWnn^ 2 1 / 2 -in. (64-mm) pipe 




Violation of 6.5.2.11 



,__ Excessive weld root 
penetration 



FIGURE A.6.5.2(a) Acceptable Weld Joints. 





V////////// //// ///////////A 

Violation of 6.5.2.9(4) 



ZZZZZZZZZZZZ2 



T^ssssssss^a 



Lack of weld 
root pene- 
tration i 



JZZZZZZZZZZZZ2 



ssssssssss 



result, the standard requires that all piping be shop-welded. 
When such situations cannot be avoided, the exceptions out- 
line procedures and practices that minimize the increase in 
hazard. 

A.6.5.2.9(l) Listed, shaped, contoured nipples meet the defi- 
nition of fabri cate d fi tti n gs . 

A. 6. 5. 4 The fire hazard of the brazing and soldering pro- 
cesses should be suitably safeguarded. 

A. 6. 5. 4. 5 Soldering fluxes manufactured to the specifications 
required by Table 6.3.1.1 are unlikely to cause damage to the 
seats of sprinklers. When brazing flux is used, it must be of a 
type not likely to damage the seats of sprinklers. 

A. 6. 6 See Section 9.1 for information pertaining to the type 
of hangers and hanger components acceptable for use on a 
sprinkler system. 

A.6.7.4 The intent of 6.7.4 is to provide assistance in deter- 
mining the area of a building sewed by a particular control 
valve. 

A.6.9.2.4 The surge of water that occurs when the valve trips 
can seriously damage the device. 

A.6.9.3.1 Audible alarms are normally located on the outside 
of the building. Listed electric gongs, bells, horns, or sirens 
inside the building, or a combination of such used inside and 
outside, are sometimes advisable. 

Outside alarms can be omitted where the sprinkler system 
is used as part of a central station, auxiliary, remote station, or 
proprietary signaling fire alarm system utilizing listed audible 
inside alarm devices. 

A.6.9.3.2 All alarm apparatus should be so located and in- 
stalled that all parts are accessible for inspection, removal, and 
re p air, an d s u c h a p p a r a tu s s h o u 1 d be s u bs tan ti al 1 y s u p p o r te d . 
The water motor gong bell mechanism should be pro- 
tected from weather-related elements such as rain, snow, or 
ice. To the extent practicable, it should also be protected from 
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Insufficient pipe penetration of 
flange [see Figure A.6.5.2(a)] 



Excessive pipe penetration of 
flange [see Figure A-3-6. 5.2(a)] 



FIGURE A.6.5.2(b) Unacceptable Weld Joints. 



other influencing factors such as birds or other small animals 
that might attempt to nest in such a device. 

A.6.9.4 Switches that will silence electric alarm-sounding de- 
vices by i n te r ru p tio n of e 1 ec tr i c c u r re n t a re n o t des i rabl e ; h ow- 
ever, if such means are provided, then the electric alarm- 
sounding device circuit should be arranged so that, when the 
sounding device is electrically silenced, that fact should be 
i n d i cated by mean s o f a c o n s p i cu on s 1 i gh 1 1 o ca te d in th e vi c i n- 
ity of the riser or alarm control panel. This light should re- 
main in operation during the entire period of the electric cir- 
cuit interruption. 

A.7. 2 A d ry pipe system sh ould be i n sta 1 led on ly wh e re hea t is 
not adequate to prevent freezing of water in all parts of, or in 
sections of, the system. Dry pipe systems should be converted 
to wet pipe systems when they become unnecessary because 
adequate heat is provided. Sprinklers should not be shut off in 
cold weather. 

Where two or more dry pipe valves are used, systems pref- 
erably should be divided horizontally to prevent simultaneous 
operation of more than one system and the resultant in- 
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creased time delay in filling systems and discharging water and 
to prevent receipt of more than one waterflow alarm signal. 

Where adequate heat is present in sections of the dry pipe 
system, consideration should be given to dividing the system 
into a separate wet pipe system and dry pipe system. Mini- 
mized use of dry pipe systems is desirable where speed of op- 
eration is of particular concern. 

A. 7 . 2 . 2 ( 2) Ins tal 1 ati o n 1 i m i tati o n s of 1 is ted d ry pen d e n t sprin- 
klers can vary with different products. Limitations should be 
included in product installation instructions to warn the riser 
of the potential accumulation of water, scale, and sediment 
from collecting at the sprinkler. 

A. 7. 2. 3 The capacities of the various sizes of pipe given in 
Table A. 7. 2. 3 are for convenience in calculating the capacity of 
a system. 

A.7.2.3.1 The (50-second limit does not apply to dry systems 
with capacities of 500 gal (1893 L) or less, nor to dry systems 
with capacities of 750 gal (2839 L) or less if equipped with a 
q u i c k-o pe n i n g d e vi c e . 

A. 7. 2.5 The dry pipe valve should be located in an accessible 
place near the sprinkler system it controls. Where exposed to 
cold, the dry pipe valve should be located in a valve room or 
enclosure of adequate size to properly sendee equipment. 

A.7.2.5.1 The dry pipe valve and supply piping should be in 
an area maintained at or above 40 °F (4°C). It is the intent of 
the committee to protect the valves from freezing. The occa- 
sional exposure of valves to short exposures of air tempera- 
tures below 40 °F (4°C) that would not cause the valves to 
freeze does not justify the construction of a valve room. 

A. 7. 2. 6. 2 The compressor should draw its air supply from 
within the operating criteria allowed by the manufacturer of 
th e corn p resso r. Ai r p i p i n g s h o u 1 d no t: be attac h e d to th e i n- 
take of the compressor unless acceptable to the compressor 
manufacturer and installed in accordance with 7.8.2.7. Dam- 
age, air reduction, or reduced life expectancy can result if 
guidelines are not followed. 

A. 7. 3.1 Conditions of occupancy or special hazards might 
re q u i re quick ap p 1 i cati o n of 1 arge q u an ti ties of wate r, and , in 
such cases, deluge systems might be needed. 

Fire detection devices should be selected to assure opera- 
tion yet guard against premature operation of sprinklers 
based on normal room temperatures and draft conditions. 



In locations where ambient temperature at the ceiling is 
high from heat sources other than fire conditions, heat- 
responsive devices that operate at higher than ordinary tem- 
perature and that are capable of withstanding the normal 
high temperature for long periods of time should be selected. 

Where corrosive conditions exist, materials or protective 
coatings that resist corrosion should be used. 

To help avoid ice formation in piping due to accidental 
tripping of dry pipe valves in cold storage rooms, a deluge 
automatic water control valve can be used on the supply side 
of the dry pipe valve. Where this method is employed, the 
following also apply: 

(1) Dry systems can be manifolded to a deluge valve, with the 
protected area not exceeding 40,000 ft 2 (3716 m'~). 

(2) Where a dry system is manifolded to a deluge valve, the 
distance between valves should be as short as possible to 
minimize water hammer. 

(3) The dry pipe valves should be pressurized to 50 psi (3.4 
bar) to reduce the possibility of dry pipe valve operation 
from water hammer. 

A.7.3.2.3 Supervision, either electrical or mechanical, as 
used in 7.3.2.3 refers to constant monitoring of piping and 
detection equipment to ensure the integrity of the system. De- 
tection devices of listed flow cycling assemblies that cause an 
alarm during a single open or a single ground fault condition 
should be considered to satisfy the supervision requirement. 

A.7.3.2.4(2) SeeA.7.2.2(2). 

A. 7. 3. 3 Where 8-in. (203-mm) piping is employed to reduce 
friction losses in a system operated by fire detection devices, a 
6-in. (152-mm) preaction or deluge valve and a 6-in. (152-mm) 
gate valve between tapered reducers should be permitted. 

A.7.4.1 Systems described by Section 7.4 are special types of 
non interlocking preaction systems intended for use in, but 
not limited to, structures where a number of dry pipe valves 
would be required if a dry pipe system were installed. These 
systems are primarily used in piers and wharves. 

A.7.4.1. 1 See Figure A.7.4.1. 1. 

A.7.4.1.4(2) SeeA.7.2.2(2). 
A.7.4.3 See Figure A.7.4.3. 



Table A. 7. 2.3 Capacity of 1 ft of Pipe (Based on Actual Internal Pipe Diameter) 



Nominal Pipe 
Diameter (in.) 



Pipe 



Schedule 40 (gal) Schedule 10 (gal) 



Nominal Pipe 
Diameter (in.) 



Pipe 



Schedule 40 (gal) Schedule 10 (gal) 



¥\ 
1 

1 Va 

1 v> 
2 

2'/2 



0.028 
0.045 
0.078 
0.106 
0.174 
0.248 



0.049 
0.085 
0.115 
0.190 
0.283 



3 

VA 
4 
5 
6 

8 



0.383 
0.513 
0.660 
1.040 
1.501 
2.66 ;i 



0.433 

0.576 

0.740 

1.144 

1.649" 

2.776 r 



For SI units, I in. ■ 
a Schedule 30. 
b 0.1 34 wall pipe. 

<: 0.188 wall pipe. 



25.4 mm: 1 It = 0.3048 m: 1 tml = 3.785 L. 
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See Figure A.7.4.3 See Figure A.7.4.3 

Typical piping layout 
(in one-story shed — 4-section system) 

FIGURE A.7.4.1.1 Typical Piping Layout for Combined Dry 
Pipe and Preaction Sprinkler System. 

A.7.5.2 Listed CPVC sprinkler pipe and fittings should be 
protected from freezing with glycerine only. The use of dieth- 
ylene, ethylene, or propylene glycols are specifically prohib- 
ited. Laboratory testing shows that glycol-based antifreeze so- 
lutions present a chemical environment detrimental to CPVC. 

A.7.5.2.4 Beyond certain limits, an increased proportion of 
antifreeze does not lower the freezing point of solution (see 
Figure A.7.5.2.4). 

Glycerine, di ethylene glycol, ethylene glycol, and propy- 
lene glycol should never be used without mixing with water in 
proper proportions, because these materials tend to thicken 
near32°F(0°C). 

A. 7. 5. 3.1 All permitted antifreeze solutions are heavier than 
water. At the point of contact (interface), the heavier liquid 
will be below the lighter liquid, preventing diffusion of water 
into the un heated areas. 
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FIGURE A.7.5.2.4 Freezing Points of Water Solutions of Eth- 
ylene Glycol and Diethylene Glycol. 

A. 7. 5. 3. 2 One formula for sizing the chamber is as follows. 
Other methods also exist. 



AL = .SV 






where: 

AL = change i n an tif ree ze solution vo lu m e ( ga i ) du e 

to thermal expansion 
S v = volume (gal) of antifreeze system, not including 

the expansion chamber 
D } = de ns i ty ( gm /ml) of an ti freeze sol u tio n at I owes t 

expected temperature 
D H = density (gm/ml) of antifreeze solution at highest 

expected temperature 



Strainer 



Tubing or wiring to - 
fire detection system 




From sprinkler 
system 



To safe place 

FIGURE A.7.4.3 Arrangement of Air Exhaust Valves for Combined Dry Pipe and Preaction 
Sprinkler System. 
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This method is based on the following information: 
P V P ■ V P ■ V 



T n 



7i 



7; 



where: 
V t:c - 

Fy = 

I\ 2 = 

To = 
T\ - 

7\, - 



mini m 1 1 n i re q u i r ed vo 1 u n i e ( ga 1 ) of e x p a n s i o n 

chamber 

air volume (gal) in expansion chamber at 

p re c h a rge ( b efo re i n s tal 1 a ti o n ) 

air volume (gal) in expansion chamber at 

normal static pressure 

air volume (gal) in expansion chamber at 

post-expansion pressure (antifreeze at high 

temperature) 

a bso hi te p re c h a i ge p ress u re ( psi a ) on exp an s i o n 

c h am be r be lb re i n s tal la ti on 

a bso 1 u te s ta ti c pr ess u re ( ps i ) on wa te r (supply) 

side of backflow preventer 

absolute maximum allowable working pressure 

( ps i ) fo r a n ti freeze sys tern 

temperature (°R) of air in expansion chamber at 

p recharge 

te m pe ra t u re ( ° R ) of a i r i n exp an si o n c h am be r 

when antifreeze system piping is at lowest 

expected temperature 

te m pe ra t r i re ( ° R) of ai r i n expan s i o n c h a in be r 

when antifreeze system piping is at highest 

expected tern peratu re 



This equation is one formulation of the ideal gas law from 
has i c c h e m is t ly. T h e a m o ti n t of air i n t h e expan s i o n ch am be r 
will not change over time. The pressure, temperature, and 
volume of the air at different times will be related in accor- 
dance with this formula. 

V^ = V ] -AL 

The antifreeze in the system is essentially incompressible, 
so the air volume in the expansion chamber will decrease by 
a n an i o u n t eq u a 1 to th e exp an s i o n of th e a n ti f ree ze . 

It is assumed that there is no trapped air in the system 
piping, so the only air in the system is in the expansion cham- 
ber. This is a conservative assumption, since more air is better. 
In reality, there will be at least some trapped air. However, only 
the air in the expansion chamber can be relied upon to be 
a va i 1 a b 1 e vvh e n n eed e d . 

V,,; = K 

At prec ha rge , t h e c h a rn be r w ill be com pi e te ly fu ! 1 of air. 



V,, 



p x • :/;, ■ p, ■ al ■ 7\ 



In cases where the normal static pressure on the sprinkler 
system is close to the maximum working pressure, antifreeze 
systems are not advisable if the connection to the wet pipe 
system will incorporate a backflow device. In these cases, ex- 
pansion of the antifreeze solution during warm weather will 
cause the antifreeze system to exceed the maximum working 
pressure, regardless of the size of the expansion chamber. The 
normal static pressure is too close to the maximum working 
pressure if the formula for V rx: above yields a negative result. If 
this occurs, use a dry pipe system instead or install a pressure 
red u c i n g val ve be f o re th e ba c kfl o w p re ve n te r. 



A.7.6.1.2 Outlets should be provided at critical points on 
spri n kl e r sys te m pip i n g to accom m od ate a ttac h m en t of pres- 
sure gauges for test purposes. 

A. 7. 7. 2.1 The water supply should be capable of furnishing 
the total demand for all exposure sprinklers operating simul- 
taneously for protection against the exposure fire under con- 
s i d e r a ti o n f o r a d u r a ti o n o f n o 1 1 ess th a n 6 m i n u te s . 

A. 7 . 8 Care ful i n s tal la ti o n a n d ma i n ten an ce , a n d some speci al 
ar ran ge m e n ts of pi pi n g a n d d evi ces as o u t;l i n ed in th i s se c ti on , 
are needed to avoid the formation of ice and frost inside pip- 
ing in cold storage rooms that will be maintained at or below 
32°.F (0°C). Conditions are particularly favorable to condensa- 
tion where pipes enter cold rooms from rooms having tem- 
peratures above freezing. 

Whenever the opportunity offers, fittings such as those 
specified in 7.8.2.1, as well as flushing connections, should be 
provided in existing systems. 

Where possible, risers should be located in stair towers or 
other locations outside of refrigerated areas, which would re- 
duce th e p ro bab i 1 i ti es of ice o r f ros t fo rrn ati o n wi th in th e rise r 
(supply) pipe. 

Cross mains should be connected to risers or feed mains 
with flanges. In general, flanged fittings should be installed at 
poi n ts th at wool d al 1 ow easy d i s m an tl i n g of th e sys te m , Split 
ring or other easily removable types of hangers will facilitate 
the dismantling. 

Because it is not practical to allow water to flow into sprin- 
kler piping in spaces that might be constantly subject to freez- 
ing, or where temperatures must be maintained at or below 
40 °F (4.4°C), it is important that means be provided at the 
time of system installation to conduct trip tests on dry pipe 
valves that service such systems. NFFA25, Standard for the Inspec- 
tion, Testing, and Maintenance of Water-Based, Fire Protection Sys- 
tems, contains requirements in this matter. 

A.7.8.2 The requirements in 7.8.2 are intended to minimize 
the c h anc es of i ce pi u g form ati on i n s i d e spri n kl e r sys te m pip- 
ing protecting freezers. 

A.7.8.2.4 A higher degree of preventing the formation of ice 
blocks can be achieved by lowering the moisture of the air 
supply entering the refrigerated space to a pressure dew point 
no greater than 20°F (-6.6°C) below the lowest nominal tem- 
perature of the refrigerated space. The pressure dew point of 
the air supply can cause moisture to condense and freeze in 
sprinkler pipe even when the air supply is from the freezer. 
One method of reducing the moisture content of the air by 
use of ai r d ryi n g sys te: m s is i 1 1 u s t rate d i n Fi gu re A. 7 . 8 . 2 . 4 . 

When compressors and dryers are used for an air supply, con- 
sideration should be given to pressure requirements of the re- 
generative dryers, compressor size, air pressure regulator capac- 
ity, and air fill rate. Application of these factors could necessitate 
the use of increased air pressures and a larger air compressor. 

The compressed air supply should be properly prepared 
prior to entering a regenerative- type air dryer, such as mini- 
mum air pressure, maximum inlet air temperature, and 
proper filtration of compressed air, 

A.7.8.2.5 A major factor contributing to the introduction of 
moisture into the system piping is excessive air compressor 
operation caused by system leakage. Where excessive com- 
pressor operation is noted or ice accumulates in the air supply 
piping, the system should be checked for leakage and appro- 
p ri ate co rrec ti ve ac ti on sh ou 1 d be ta ken. 
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Heated area 



Two easily removed 



■■*- 



wo easily removed //// /TCO mm v 
sections of pipe W, 762 mm > 

'it 1 " 1 



Refrigerated space 
30 in. 



Normally open 
control valve 

Check valve with %2 in 
(2.4 mm) hole 
in clapper 



Dry/preaction valve 

Main 

control valve 
Water supply 

Pressure regulator 

Air dryer 

Coalescer filter 



Air compressor 
and tank 




C| Freezer air intake 



/£j\ Air pressure /^\ 

V_y Air supply source V_y 



Air pressure 

Water supply source 



Notes: 

1 . If pressure gauge P1 and P2 do not indicate equal pressures, it could 
mean the air line is blocked or the air supply is malfunctioning. 

2. Air dryer and coalescer filter not required when system piping capacity 
is less than 250 gal (946 L). 

FIGURE A.7.8.2.4 Refrigerator Area Sprinkler Systems Used 
to Minimize the Chances of Developing Ice Plugs. 



A. 7. 8. 2.6 The purpose of the check valve is to prevent evapo- 
ration of prime water into the system piping. 

A. 7. 8. 2.7 The dual lines feeding the system air entering the 
cold area are intended to facilitate continued service of the sys- 
tem when one line is removed for inspection. It should be noted 
that, when using a system as described in Figure A.7.8.2.4, differ- 
ences in the pressures at gauge PI and gauge P2 indicate block- 
age in the air supply line or other malfunctions. 

A.7.9.2 See Figure A.7.9.2. 

A.8.1 The installation requirements are specific for the nor- 
mal arrangement of structural members. There will be ar- 
rangements of structural members not specifically detailed by 
the requirements. By applying the basic principles, layouts for 
such construction can vary from specific illustrations, pro- 
vided the maximums specified for the spacing and location of 
sprinklers (Section 8.4) are not exceeded. 

Where buildings or portions of buildings are of combus- 
tible construction or contain combustible material, standard 
fire barriers should be provided to separate the areas that are 
sprinkler protected from adjoining unsprinklered areas. All 
openings should be protected in accordance with applicable 
standards, and no sprinkler piping should be placed in an 
unsprinklered area unless the area is permitted to be unsprin- 
klered by this standard. 



Water supplies for partial systems should be designed with 
consideration to the fact that in a partial system more sprinklers 
might be opened in a fire that originates in an unprotected area 
and spreads to die sprinkle red area than would be the case in a 
completely protected building. Fire originating in a nonsprin- 
klered area might overpower the partial sprinkler system. 

Where sprinklers are installed in corridors only, sprinklers 
should be spaced up to the maximum of 15 ft (4.5 m) along the 
corridor, with one sprinkler opposite the center of any door or 
pair of adjacent doors opening onto the corridor, and with an 
additional sprinkler instilled inside each adjacent room above 
the door opening. Where the sprinkler in the adjacent room pro- 
rides full protection for that space, an additional sprinkler is not 
required in the corridor adjacent to the door. 

A. 8. 1.1 This standard contemplates full sprinkler protection 
for all areas including walk-in coolers, freezers, bank vaults, 
and similar areas. Other NFPA standards that mandate sprin- 
kler installation might not require sprinklers in certain areas. 
The requirements of this standard should be used insofar as 
they are applicable. The authority having jurisdiction should 
be consulted in each case. A building is considered sprin- 
kl e re d th rough ou t wh e n p ro te c te d i n ace o rda n ce w i th th e re- 
quirements of this standard. 

A.8.1, 2 The components need not be open or exposed. 
Doors, removable panels, or valve pits can satisfy this need. 
Such equipment should not be obstructed by such permanent 
f eatu res as wal 1 s , du c ts , coin m n s , o r d i rec t bu ri al . 

A. 8. 3. 1.1 The evaluation for usage should be based upon a 
review of available technical data. 

A.8.3.1.3 The purpose of this requirement is to minimize the 
obstruction of the discharge pattern. 

A. 8. 3. 2.1 For protection of baled cotton, limited tests and 
actual fire experience indicate an initial low heat release; thus, 
sprinklers in the ordinary temperature range should offer 
some advantage by opening faster than those of intermediate- 
or high-temperature classifications under similar conditions. 

A. 8. 3. 2.7 Where high temperature- rated sprinklers are in- 
stalled at the ceiling, high temperature-rated sprinklers 
also should extend beyond storage in accordance with 
Table A.8.3.2.7. 

A.8.3.3.1 When renovations occur in an existing building 
and no changes are made in the existing sprinkler system, this 
section is not intended to require the replacement of existing 
standard sprinklers with quick-response sprinklers. 

A.8.4 The selection of a sprinkler type will vary by occupancy. 
Where more than one type of sprinkler is used within a com- 
partment, sprinklers with similar response characteristics 
should be used (i.e., standard or quick response). However, 
some hazards might benefit from designs that include the use 
of both standard and quick-response sprinklers. Examples in- 
clude rack storage protected by standard-response ceiling 
sprinklers and quick-response in-rack sprinklers. Another case 
might include opening protection using closely spaced quick- 
response sprinklers with standard-response sprinklers in the 
adjoining areas. Other designs can be compromised when 
sprinklers of differing sensitivity are mixed. An example is a 
system utilizing ESFR sprinklers adjacent to a system using 
high-temperature standard-response sprinklers as might be 
found in a warehouse. In this case, a fire occurring near the 
boundary might open ESFR sprinklers, which would not be 
contemplated in the standard-response system design. 
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A Exhaust fan 

B Sprinkler or nozzle at top of vertical riser 

C Sprinkler or nozzle at midpoint of each offset 

D 5 ft in. (1 .5 m) maximum 

E Horizontal duct nozzle or sprinkler 

F 1 ft in. (3 m) maximum 

G Nozzle or sprinkler in hood or duct collar 

H 1 in. (25 mm) minimum, 12 in. (305 mm) maximum 

/ Nozzle or sprinkler in hood plenum 

J 1 in. (25 mm) maximum 

K In accordance with the listing 

L Deep fat fryer 

M in accordance with the listing 

N Cooking equipment nozzle or sprinkler 

O Counter height cooking equipment 

P Upright broiler or salamander broiler 

Q Broiling compartment sprinkler or nozzle 

R Broiling compartment 

$ Exhaust hood 



"Listed for deep fat fryer protection 

FIGURE A. 7.9. 2 Typical Installation Showing Automatic Sprinklers or Automatic Nozzles Being 
Used for the Protection of Commercial Cooking Equipment and Ventilation Systems. 
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Table A. 8. 3. 2.7 Distance Beyond Perimeter of Storage for 
High-Hazard Occupancies Protected with High 
Temperature-Rated Sprinklers 



Design 


Area 




Distance 


ft 2 


m 2 


ft 


m 


2000 


1.86.0 


30 


9.1 


3000 


278.7 


40 


12.0 


4000 


371.6 


45 


3 3.7 


5000 


464.5 


50 


15.2 


6000 


557.4 


55 


16.7 











A. 8. 4. 5.1 The response and water distribution pattern of 
listed residential sprinklers have been shown by extensive fire 
testing to provide better control than spray sprinklers in resi- 
dential occupancies. These sprinklers are intended to prevent 
lias hover in the room of fire origin, thus improving the 
chance for occupants to escape or be evacuated. 

The protection area for residential sprinklers is defined in the 
listing of the sprinkler as a maximum square or rectangular area. 
Listing information is presented in even 2-ft (0.65-m) increments 
from 12 ft to 20 ft (3.9 m to 6.5 m). When a sprinkler is selected 
for an application, its area of coverage must be equal to or 
greater than both the length and width of the hazard area. For 
example, if the hazard to be protected is a room 13 ft 6 in. 
(4.4 m) wide and 1 7 ft. 6 in. (5.6 m) long, a sprinkler that is listed 
to protect a rectangular area of 14 ft x 18 ft (4.5 m x 5.8 m) or a 
square area of 3 8 ft x 18 ft (5.8 m x 5.8 m) must be selected. The 
flow 7 used in the calculations is then selected as the flow required 
by the listing for the selected coverage. 

A. 8. 4. 6. 3 Storage in single-story or multistory buildings can 
be p e r m i tte d , p rovi cl e d the m ax i m u m ceiling/ roof heigh t as 
specified in Table 8.1 2.2.2.1 is satisfied for each storage area. 

A. 8. 4. 7. 2 The purpose of this requirement is to avoid scale 
accumulation. 

A. 8 .4 . 9 . 1 Tes is of s ta n d ard sp r i n k 1 e rs by ap p roved 1 abo rato- 
ries have traditionally encompassed a fire test using a 3504b 
( 160-kg) wood crib and water distribution tests in which water 
i s c o 1 1 e c te d in pa n s fro mse ve ra 1 arrange m e n ts o f s p r i n k 1 e r s to 
evaluate distribution under non-fire conditions. 

Tests of special sprinklers are customized to evaluation re- 
sponsiveness, distribution, and other unique characteristics of 
the sprinkler to control or suppress a fire. Depending on the 
intended use, these tests may include variables such as the 
following: 

(1 ) The location of the fire relative to the sprinklers (i.e., below 
one sprinkler, between two or between four sprinklers) 

(2) Fire conditions that encompass a variety of fire growth 
ra tes re p rese n i a ti ve of an ti c i pate dco nd iti o ns o f use 

(3) Tests where multiple sprinklers are expected to operate 

( 4 ) Ad ve rse co n d i ti o n s o f use (i.e., pipe shad ows o r o th e r ob- 
structions to disci large) 

( 5 ) E f f e ct of a f i re pi u m e o n vva te r sp r i n k 1 e r cl i sch arge 

T he 1 i s ti n g o f n e w s p i i n k 1 e r tech n ol ogy fo r s to rage pro tec- 
ti o n sh o ul d i n c hi d e 1 arge scale fire tes t i n g u s i n g a com modi ty 
or commodities representative of those intended to be pro- 
tected and should consider at least the following variables: 



(1) Ignition under one, between two, and between four 
sprinklers 

(2) Range of clearances between the sprinkler and the 
commodity 

(3) Test(s) at or near the minimum pressures specified for 
the sprinkler 

A.8.5.4.1 Batt insulation creates an effective thermal barrier 
and can be considered the cei ling/ roof deck when determin- 
ing distances between deflector and ceiling. The insulation 
needs to be installed in each pocket (not just above the sprin- 
kler) and a ttac he cl to th e c e i I i n g/ i oo f i n s u c h a m an i i e r th a t i t 
will n o t fal 1 on t d u ring a i :1 re p r i o r to s p r i n k 1 e r a c ti va ti o n . 

A.8.5.5.1 See Figure A.8.5.5. 1 . 



8ft0in.(2.5m)+/- 




FIGURE A.8.5.5.1 Obstructions to Sprinkler Discharge Pat- 
tern Development for Standard Upright or Pendent Spray 
Sprinklers. 



A.8.5.5. 2 Where of a depth that will obstruct the spray dis- 
charge pattern, girders, beams, or trusses forming narrow 
pockets of combustible construction along walls can require 
additional sprinklers. 

A.8.5.5. 3 Frequently, additional sprinkler equipment can be 
avoided by reducing the width of decks or galleries and pro- 
viding proper clearances. Slatting of decks or walkways or the 
use of ope n grati n g as a s u bs ti tu te fo r an to m a tic s p r i n k 1 e rs 
thereunder is not acceptable. The use of cloth or paper dust 
tops for rooms forms obstruction to water distribution. If dust 
tops are used , th e a rea be 1 ow sh on 1 d b e spri n k 1 e red . 

A.8.5.6 The fire protection system design should consider the 
maximum storage height. For new sprinkler installations, maxi- 
mum storage height is the usable height at which commodities 
can be stored above the floor while the minimum required unob- 
structed space below sprinklers is maintained. Where evaluating 
existing situations, maximum storage height is the maximum ex- 
i s tin g s to rage h e i gh t if s pace b e t we e n th e s p r i n k 1 e is an cl s to rage 
is equal to or greater than that required. 

Building heights where baled cotton is stored should allow 
for proper clearance between the pile height and sprinkler 
deflectors. Fire tests of high-piled storage have shown that 
s p ri n kl e rs are ge n e ral 1 y m o re e f f ec ti ve i f 1 o eate cl 1 X A ft to 4 Yi ft 
(0.45 m to 1.4 m) above the storage height. 
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A.8.6.2.2.1 When the spacing between sprinklers perpendicu- 
lar to the slope exceeds 8 ft, it is necessary to increase the mini- 
mum density or sprinkler operating pressure as noted in 
Table 8.6.2.2.1(a) and in 8.6.4.1.4. Time to sprinkler activation 
and water distribution can be affected within combustible con- 
cealed spaces with sloped roofs or ceilings in these combustible 
concealed spaces especially where wood joist rafters or wood 
truss construction is used. To reduce the probability of fires in 
these combustible concealed spaces involving the combustible 
roof or ceiling construction above standard spray sprinklers, 
more stringent spacing and installation guidelines apply. 

A.8.6.3.2.3 See Figure A.8.6.3.2.3. 
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FIGURE A.8.6.3.2.4(b) Small Room Provision — Two Sprin- 
klers Centered Between Sidewalls. 
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Light hazard occupancy 
15 ft (4.6 m)x 15 ft (4.6 m) 
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FIGURE A.8.6.3.2.3 Maximum Distance from Walls. 
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FIGURE A.8.6.3.2.4(c) Small Room Provision — Two Sprin- 
klers Centered Between Top and Bottom Walls. 



A.8.6.3.2.4 An example of sprinklers in small rooms for hy- 
draulically designed and pipe schedule systems is shown in 
Figure A.8.6.3.2.4 (a) , and examples for hydraulically designed 
systems only are shown in Figure A.8.6.3.2.4 (b), Figure 
A.8.6.3.2.4(c), and Figure A.8.6.3.2.4(d). 
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FIGURE A.8.6.3.2.4(d) Small Room Provision — Four Sprin- 
klers. 
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Sprinkler. 



FIGURE A.8.6.4. 1.2(5) Typical Concrete Joist Construction. 



A.8.6.4. 1.2(5) For concrete joists spaced less than 3 ft 
(0.91 m) on center, the rules for obstructed construction 
shown in 8.6,4.1.2 apply. [See figure A.8.6.4.L2(5).] 
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A- 8. 6.4. 1.3.2 Saw-toothed roofs have regularly spaced moni- 
tors of saw tooth shape, with the nearly vertical side glazed and 
usually arranged for venting. Sprinkler placement is limited to 
a maximum of 3 ft (0.91 m) down the slope from the peak 
because of the effect of venting on sprinkler sensitivity. 

A.8.6.4.2 On sprinkler lines larger than 2 in. (51 mm), con- 
sideration should be given to the distribution interference 
caused by the pipe, which can be minimized by installing 
sprinklers on riser nipples or installing sprinklers in the pen- 
dent position. 

A.8.6.5.2.1.3 The rules of 8.6.5.2.1.3 (known as the "Three 
Times Rule") have been written to apply to obstructions where 
the sprinkler can be expected to get water to both sides of the 
obstruction without allowing a significant dry shadow on the 
other side of the obstruction. This works for small noncon- 
tinuous obstructions and for continuous obstructions where 
the sprinkler can throw water over and under the obstruction, 
such as the bottom chord of an open truss or joist. For solid 
continuous obstructions, such as a beam, the Three Times 
Rul e i s i n effe c tive s i n c e th e s pr i n k I e r can n o t th row wate r ove r 
and under the obstruction. Sufficient water must be thrown 
under the obstruction to adequately cover the floor area on 
th e o th er si d e of the obs tr u c ti o n . To e n s u re this , co m pi ian ce 
wi th th e rules of 8 . 6 . 5 . 1 . 2 i s n e cessary. 

A.8.6.5.2.1.4 It is the intent of this section to exempt non- 
structural elements in light and ordinary hazard occupancies 
from the obstruction criteria commonly called the "Three 
Times Rule." However, the other obstruction rules including 
the "Beam Rule" (8.6.5.1.2) and the "Wide Obstruction Rule" 
(8.6.5.3.3) still apply. If an obstruction is so close to a sprinkler 
that water cannot spray on both sides, it is effectively a continu- 
ous obstruction as far as the sprinkler is concerned and the 
Beam Rule should be applied. 

It is not the intent of this section to permit the use of fix- 
tures and architectural features or treatments to conceal, ob- 
scure, or otherwise obstruct sprinkler discharge. The excep- 
tion should be applied in accordance with the performance 
objectives in 8.6.5.1. 

A.8.6.5.2.2 The use of mesh can affect the discharge pattern 
of the sprinkler. Top mesh can be used when it has a minimum 
vertical distance of 18 in. below the sprinkler deflector with 
mesh open i n gs h aving a m i n i mu m pe rce n t o pe n in g of 70 pe r- 
cent or larger. 

A.8.6.5.3 SeeA.8.5.5.3. 

A. 8. 6. 6 The 18-in. (457-mm) dimension is not intended to 
limit the height of shelving on a wall or shelving against a wall 
in accordance with 8.6.6. Where shelving is installed on a wall 
and is not directly below sprinklers, the shelves, including stor- 
age thereon, can extend above the level of a plane located 
18 in. (457 mm) below ceiling sprinkler de Hectors. Shelving, 
and any storage thereon, directly below the sprinklers cannot 
extend above a plane located 18 in. (457 mm) below the ceil- 
ing sprinkler deflectors. 

A.8.7.5.2.1.3 The rules of 8.7.5.2.1.3 (known as the "Three 
Times Rule") have been written to apply to obstructions where 
the sprinkler can be expected to get water to both sides of the 
obstruction without allowing a significant dry shadow on the 
other side of the obstruction. This works for small noncon- 
tinuous obstructions and for continuous obstructions where 
the sprinkler can throw 7 water over and under the obstruction, 
such as the bottom chord of an open truss or joist. For solid 



continuous obstructions, such as a beam, the Three Times 
Rule is ineffective since the sprinkler cannot throw water over 
and under the obstruction. Sufficient water must be tin own 
under the obstruction to adequately cover the door area on 
th e o th e r side of th e obs tru c ti o n . To e n s u re th is, c o m p 1 i a n ce 
with the rules of 8.7.5.1.2 is necessary. 

A.8.7.5.3 SeeA.8.5.5.3. 

A. 8. 8. 2 . 1 Th e pro tec ti o n area fo r ex te n d e d cove rage u p r i gh t 
and pendent sprinklers is defined in the listing of the sprin- 
kler as a maximum square area. Listing information is pre- 
sented in even 2-ft (0.6-m) increments up to 20 ft (6.1 m). 
When a sprinkler is selected for an application, its area of 
coverage must be equal to or greater than both the length and 
width of the hazard area. For example, if the hazard to be 
protected is a room W/i ft (4.1 m) wide and YlV'z ft (5.3 m) 
long as indicated in Figure A. 8. 8. 2. 1, a sprinkler that is listed to 
protect an area of 18 ft x 18 ft (5.5 m x 5.5 m) must be selected. 
The flow used in the calculations is then selected as the flow 
required by the listing for the selected coverage. 



18 ft (5.5 m; 




FIGURE A.8.8.2. 1 Determination of Protection Area of Cov- 
erage for Extended Coverage Upright and Pendent Sprin- 
klers. 



A.8.8.4. 1 .3 Saw-tooth ed roofs have regul arly spaced m o n i tors 
of saw tooth shape, with the nearly vertical side glazed and 
usually arranged for venting. Sprinkler placement is limited to 
a maximum of 3 ft (0.91 m) down the slope from the peak 
because of the effect of venting on sprinkler sensitivity. 

A.8.8.5.2.1.3 The rules of 8.8. 5.2.1. 3 (known as the "Four 
Times Rule") have been written to apply to obstructions where 
the sprinkler can be expected to get water to both sides of the 
obstruction wi th o u t a 1 1 o w i . n g a s i g n i fi c a n t d ry s h a d ow o n th e 
other side of the obstruction. This works for small n on con- 
tinuous obstructions and for continuous obstructions where 
the sprinkler can throw water over and under the obstruction, 
such as the bottom chord of an open truss or joist. For solid 
continuous obstructions, such as a beam, the Four Times Rule 
is ineffective since the sprinkler cannot throw water over and 
cm de r th e obs true ti o n . S ti i f i c i e n t wate r m us t be th row n u n d e r 
t h e o bs t ru c t i o n to ad e q u a te 1 y c over th e 1:1 o o r are a o n th e o tl i e r 
side of the obstruction. To ensure this, compliance with the 
rules of 8.8.5.1.2 is necessary. 

A.8.8.5.3 SeeA.8.5.5.3. 

A. 8 . 9 . 2 . 1 The p ro te c ti o n area fo r ex te n d ed c ove rage s i d e wal 1 
spray sprinklers is defined in the listing of the sprinkler as a 
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maximum square or rectangular area. Listing information is 
presented in even 2-ft (0.65-m) increments up to 28 ft (9 in) 
for extended coverage sidewall spray sprinklers. When a sprin- 
kler is selected for an application, its area of coverage must be 
equal to or greater than both the length and width of the 
hazard area. For example, if the hazard to be protected is a 
room \4M> ft (4.4 m) wide and 20% ft (6.3 m) long as indicated 
in Figure A. 8. 9. 2.1, a sprinkler that is listed to protect an area 
of 16 ft x 22 ft (4.9 m x 6.7 m) must be selected. The How used 
in the calculations is then selected as the flow required by the 
listing for the selected coverage. 




FIGURE A.8.9.2.1 Determination of Protection Area of Cov- 
erage for Extended Coverage Sidewall Sprinklers. 

A.8.9.5.2.1.3 The rules of 8.9.5.2.1.3 (known as the "Four 
Times Rule") have been written to apply to obstructions where 
the sprinkler can be expected to get water to both sides of the 
o bs tr u c ti o n wi t h o u tall o w i n g a si gn i fi can t d ry s had o w o n th e 
other side of the obstruction. This works for small noncon- 
tinuous obstructions and for continuous obstructions where 
the sprinkler can throw water over and under the obstruction, 
such as the bottom chord of an open truss or joist. For solid 
c o n ti n u o u s o bs tr u c ti o n s , s u c h as a b e am, t h e Fo urTim.es Ru 1 e 
is ineffective since the sprinkler cannot throw water over and 
u n d e r th e o bs t r ti c tio n . S ufFi c i e n t wate r m u s t be th rown und e r 
the obstruction to adequately cover the floor area on the other 
side of the obstruction. To ensure this, compliance with the 
rules of 8.9.5. 1.2 is necessary. 

A.8.9.5.3 SeeA.8.5.5.3. 

A.8.10.6.2.1.3 The rules of 8.10.6.2. 1.3 (known as the "Four 
Times Rule") have been written to apply to obstructions where 
the sprinkler can be expected to get water to both sides of the 
obstruction without allowing a significant dry shadow on the 
other side of the obstruction. This works for small n on con- 
tin nous obstructions and for continuous obstructions where 
the sprinkler can throw water over and under the obstruction, 
such as the bottom chord of an open truss or joist. For solid 
continuous obstructions, such as a beam, the Four Times Rule 
is ineffective since the sprinkler cannot throw water over and 
under the obstruction. Sufficient water must be thrown under 
the obstruction to adequately cover the floor area on the other 
side of the obstruction. To ensure this, compliance with the 
r u 1 es o f 8 . 1 . 6 . 1 . 2 i s n e cessa ry. 

A.8.10.6.3 SeeA.8.5.5.3. 



A.8.10.7.2.1.3 The rules of 8.10.7.2. 1.3 (known as the "Four 
Times Ru 1 e " ) h ave been wri tte n to a pply to obs true ti o n s wh e re 
the sprinkler can be expected to get water to both sides of the 
obstruction without allowing a significant dry shadow on the 
other side of the obstruction. This works for small noncon- 
tinuous obstructions and for continuous obstructions where 
the sprinkler can throw water over and under the obstruction, 
such as the bottom chord of an open truss or joist. For solid 
continuous obstructions, such as a beam, the Four Times Rule 
is ineffective since the sprinkler cannot throw water over and 
under the obstruction. Sufficient water must be thrown under 
the obstruction to adequately cover the floor area on the other 
side of the obstruction. To ensure this, compliance with the 
rules of 8.10.6.1.2 is necessary. 

A.8.10.7.3 SeeA.8.5.5.3. 

A. 8. 11.2 Tests involving areas of coverage over 100 ft" 
(9.3 m") for large drop sprinklers are limited in number, and 
use of areas of coverage over 100 ft" (9.3 m") should be care- 
fully considered. 

A.8.11.3.1 ft is important that sprinklers in the immediate 
vicinity of the fire center not skip, and this requirement im- 
poses certain restrictions on the spacing. 

A.8. 1 1 .4. 1 If all o th e r fac tors are h eld constan t, th e opera tin g 
time of the first sprinkler will vary exponentially with the dis- 
tance between the ceiling and deflector. At distances greater 
th a n 7 i n . ( 1 78 m m ) , f o r oth e r th a n ope n woo d j o i s t cons tin c- 
tion, the delayed operating time will permit the lire to gain 
h eadway, with th e resu 1 1 th a t s u bs tan ti a 1 1 y in o re sp rin kl e rs o p- 
erate. At distances less than 7 in. (178 mm), other effects oc- 
cu r. Ch anges i n d is tri bu ti on , pen e t ra ti on , an d co o 1 i n g n ull ify 
the advantage gained by faster operation. The net result again 
is increased fire damage accompanied by an increase in the 
number of sprinklers operated. The optimum clearance be- 
tween deflectors and ceiling is, therefore, 7 in. (178 mm). For 
open wood joist construction, the optimum clearance be- 
tween deflectors and the bottom of joists is VA> in. (89 mm). 

A.8.11.5 To a great; extent, large drop sprinklers rely on 
direct attack to gain rapid control of both the burning fuel 
and ceiling temperatures. Therefore, interference with the 
discharge pattern and obstructions to the distribution 
should be avoided. 

A.8.11.5.2.1.3 The rules of 8.11.5.2.1.3 (known as the "Three 
Times Rule") have been written to apply to obstructions where 
the sprinkler can be expected to get water to both sides of the 
obstruction without allowing a significant dry shadow on the 
other side of the obstruction. This works for small n o neon- 
tin uous obstructions and for continuous obstructions where 
the sprinkler can throw water over and under the obstruction, 
such as the bottom chord of an open truss or joist. For solid 
continuous obstructions, such as a beam, the Three Times 
Rule is ineffective since the sprinkler cannot throw water over 
and under the obstruction. Sufficient water must be thrown 
under the obstruction to adequately cover the floor area on 
t h e o th e r s i cle of th e o bs tr u c ti o n . To e nsu re th is , com pi i a nee 
with the rules of 8.1 1.5.1.2 is necessary. 

A.8.11.5.3 SeeA.8.5.5.3. 

A.8.12.2.2.3 See Figure A.8.12.2.2.3. 

A.8.12.3.1(3) See Figure A.8.12.2.2.3. 

A.8. 12.5.2 Isolated obstructions that block adjacent sprin- 
klers in a similar manner should be treated as a continuous 
obstruction. 
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Trusses or bar joists spaced 6 ft 3 in. (1 .9 m) apart - 
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FIGURE A.8. 12.2.2.3 ESFR Sprinkler Spacing Within Trusses and Bar Joists. 



A.8.14.1.2 Subsections 8.14.1.2.3, 8.14.1. 2.4, and 8.1 4.1.2.5 do 
not require sprinkler protection because it is not physically 
practical to install sprinklers in the types of concealed spaces 
discussed in these three exceptions. To reduce the possibility 
of uncontrolled fire spread, consideration should be given in 
these unsprinklered concealed space situations to using 
8.14.1.2.7, 8.14.1.2.10, and 8.14.1.2.12. 

A.8.14.L2.6 See Figure A.8.1 4.1.2.6. 



A.8.14.1.6 Surfaces should be considered to channel heat 
when the surface or supporting members are greater than 
2 in. in depth. 

A.8. 14.2.2 Where practicable, sprinklers should be staggered 
at th e al tern ate floo r 1 e ve 1 s , parti c u 1 a r 1 y wh e re o n ly o n e s p ri n- 
kle r i s i nstal 1 e d at e ac h fl oo r 1 eve 1 . 

A.8.14.3.3 See Figure A.8.I4.3.3(a) and Figure A.8.1 4.3.3(b). 
Sprinklers would be required in the case shown in Figure 
A.8.14.3.3(a) but not in the case shown in Figure A.8.14.3.3(b). 



Subfloor 




Fire division 1 



Gypsum board 
Resilient channel 
Batt insulation 



FIGURE A.8.14.1.2.6 Combustible Concealed Space Cross 
Section. 



t 



3 



Firewall 



Fire division 2 

FIGURE A.8. 14.3.3(a) Noncombustible Stair Shaft Serving 
Two Fire Sections. 

A. 8. 14.4 Where sprinklers in the normal ceiling pattern are 
closer than 6 ft (1.8 m) from the water curtain, it might be 
preferable to locate the water curtain sprinklers in recessed 
baffle pockets. (See Figure A.8.1 4.4.) 

A.8.14.4.5(2) Subsection 8.2.5.4 of the 2000 edition of 
NFPA 101® Life Safety Code® requires a 2-hour separation for 
enclosures connecting four stories or more in new construc- 
ti o n . a 1 -h on r separati o n fo r o th e r e n c 1 os u res i n n ew co n s tru c- 
tion. and a 30-minute separation for existing buildings. Spe- 
cial rules for residential construction exist in Chapters 26 
through 31 of NFPA 1 01. 
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Fire division 1 



% 



Fire division 2 

FIGURE A.8. 14.3.3(b) Noncombustible Stair Shaft Serving 
One Fire Section. 




FIGURE A.8. 14.4 Sprinklers Around Escalators. 



A.8. 14.5.1 The sprinklers in the pit are intended to protect 
against lues cause by debris, which can accumulate over time. 
Ideally, the sprinklers should be located near the side of the 
pi t be 1 o\v the el e va to r d oors , w h e re m os t d eb r i s accu m ulates . 
However, care should be taken that the sprinkler location 
d o es n o t i n te r.fe re wi th th e e 1 evator to e gu a rd , wh i c h ex ten ds 
below the face of the door opening. 

AS ME A 17.1, Safely Code for Elevators and Escalators, allows 
the sprinklers within 2 ft (0.65 m) of the bottom of the pit to 
be ex e m p te d from th e spec i a 1 a rra n ge m en ts of i n h i bi ting wa- 
terflow until elevator recall has occurred. 

A.8. 1 4. 5 . 3 ASME A .1 7.1, Safely Code for Elevators and Escalators, 
requires the shutdown of power to the elevator upon or prior 
to the application of water in elevator machine rooms or hoist- 
ways. This shutdown can be accomplished by a detection sys- 
tem with sufficient sensitivity that operates prior to the activa- 
tion of the sprinklers (see also NFPA 72®, National Fire Alarm 
Code®). As an alternative, the system can be arranged using 
d e v i c e s o r s p r i n k 1 e rs cap ab 1 e o f e lie c t i n g p o we r s h u td ow n i m- 
m eel iately upon sprinkler activation, such as a wa terflow switch 
without a time delay. This alternative arrangement is intended 
to i n te rr u p t po we r be f o re s i g n ifi can t spri n kle r dis c h a rge . 



A.8. 14.5.4 Passenger elevator cars that have been con- 
structed in accordance with ASME A 17.1, Safety Code for Eleva- 
tors and Escalators, Rule 204.2a (under A 1 7.1 a-1 985 and later 
editions of the code) have limited combustibility. Materials 
exposed to the interior of the car and the hoistway, in their 
end-use composition, are limited to a flame spread rating of 
to 75 and a smoke development rating of to 450. 

A.8.14.7 Small loading docks, covered platforms, ducts, or 
similar small un heated areas can be protected by dry-pendent 
sprinklers extending through the wall from wet sprinkler pip- 
i n g i n an a el j ace n t h e ate d are a. Whe re pro tec ti n g covere d pi at- 
forms, loading docks, and similar areas, a dry-pendent sprin- 
kler should extend clown at. a 45-clegree angle. The width of 
the area to be protected should not exceed 7M> ft (2.3 m). 
Sprinklers should be spaced not over 12 ft (3.7 m) apart. (See 
Fisnm A.8.14.7.) 



7 ft 6 in. (2.3 m) 

maximum 

Canopy over 
loading platform \^ 




Dry-pendent 
sprinkler 



FIGURE A.8.14.7 Dry-Pendent Sprinklers for Protection of 
Covered Platforms, Loading Docks, and Similar Areas. 



A.8 . 1 4 . 7 . 1 Balcon i es, dec ks, a n el s i m ilar pro j ec t i on s from th e 
building should be treated as exterior roofs and canopies 
when applying the criteria of 8.14.7.1. 

A.8. 14.7.4 Short-term transient storage, such as that for 
delivered packages, and the presence of planters, newspa- 
per machines, and so forth, should not be considered stor- 
age o r h an dl i n g of comb u stibles. 

A.8. 14.8.2 Portable wardrobe units, such as those typically 
used in nursing homes and mounted to the wall, do not re- 
quire sprinklers to be installed in them. Although the units are 
attached to the finished structure, this standard views those 
units as pieces of furniture rather than as a part of the struc- 
ture; thus, sprinklers are not required. 

A.8. 14. 11 The combustible materials present inside indus- 
trial ovens an el furnaces can be protected by automatic sprin- 
klers. Wet sprinkler systems are preferred. However, water- 
filled piping exposed to heat within an oven or furnace can 
incur deposition and buildup of minerals within the pipe. If 
the oven or furnace could be exposed to freezing tempera- 
tures, dry-pendent sprinklers are an alternative to wet pipe- 
systems. Another option is to use a dry pipe system. 

The preferred arrangement for piping is outside of the oven; 
the sprinkler should be installed in the pendent position. The 
sprinkler temperature rating should be at least 50°F (28°C) 
greater dian the high-temperature limit setting of the oven or 
applicable zone. As a minimum, the sprinkler system inside the 
oven or furnace should be designed to provide 15psi (1 bar) with 
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all sprinklers operating inside the oven/furnace. Sprinkler spac- 
ing on each branch line should not exceed 12 ft (37 m). 

A.8. 14.12 The installation of open-grid egg crate, louver, or 
honeycomb ceilings beneath sprinklers restricts the sideways 
travel of the sprinkler discharge and can change the character 
of discharge. 

A.8.14.13.4 Drop-out ceilings do not provide the required 
protection for soft-soldered copper joints or other piping that 
requires protection. 

A.8.14.13.5 The ceiling tiles might drop before sprinkler 
operation. Delayed operation might occur because heat 
must then bank down from the deck above before sprin- 
klers will operate. 

A.8.14.14.2 For tests of sprinkler performance in fur vaults 
see "Fact Finding Report on Automatic Sprinkler Protection 
for Fur Storage Vaults" of Underwriters Laboratories Inc., 
dated November 25, 1947. 

Sprinklers should be listed old-style with orifice sizes se- 
lected to provide a flow rate as close as possible to, but not less 
than, 20 gpm (76 L/min) per sprinkler, for four sprinklers, 
based on the water pressure available. 

Sprinklers in fur storage vaults should be located centrally 
over the aisles between racks and should be spaced not over 
5 ft (1.5 m) apart along the aisles. 

Where sprinklers are spaced 5 ft (1.5 m) apart along the 
sprinkler branch lines, pipe sizes should be in accordance with 
the following schedule: 

1 in. (25.4 mm) — 4 sprinklers 

1 Va in. (31.8 mm) — 6 sprinklers 
VA in. (38.1 mm) — 10 sprinklers 

2 in. (51 mm) — 20 sprinklers 
V/z in. (63.5 mm) — 40 sprinklers 

3 in. (76.2 mm) — 80 sprinklers 

A.8.14.19.1 Outlets meeting the requirements of this standard 
should be provided in anticipation of the final finished area. 

A.8,14.21 See Figure A.8.14.21. 



Riser- 




Cross main 



o 



V 



Flanged joint 
or mechanical 
grooved couplings 



FIGURE A.8.14.21 One Arrangement of Flanged Joint at 
Sprinkler Riser. 



A.8.15.1.1 See Figure A.8.15.1.1. 
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Deluge system 



^> Check valve 
i OS & Y valve 



J^ Alarm valve 
mj& Dry pipe valve 



/\ Deluge valve 

— <T Fire department connection 



Preaction valve 



FIGURE A.8.15.1.1 Examples of Acceptable Valve Arrange- 
ments. 



A.8.15.1.1. 1 A water supply connection should not extend 
into a building or through a building wall unless such connec- 
tion is under the control of an outside listed indicating valve 
or an inside listed indicating valve located near the outside 
wall of the building. 

All valves controlling water supplies for sprinkler systems or 
portions thereof, including floor control valves, should be acces- 
sible to authorized persons during emergencies. Permanent lad- 
ders, clamped treads on risers, chain-operated hand wheels, or 
other accepted means should be provided where necessary. 

Outside control valves are suggested in the following order 
of preference: 

(1) Listed indicating valves at each connection into the build- 
ing at least 40 ft (12.2 m) from buildings if space permits 
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(2) Control valves installed in a cutoff stair tower or valve 
roo in ac; cess i b le fro i a o u Is i d e 

( 3 ) Va 1 ves I oca ted i n rise i:s wi tli i n d i ca ti n g pos ts a r ran ged f o r 
outside operation. 

(4) Key-ope rated valves in each connection into the building 

A. 8 . 1 5 . 1 . 1 . 2 Them a n age m e n t i s res p o n sible for th e sup e rvi- 
s i o n o f va 1 ve s c o i i 1 r o 1 1 i n g wa t e r s u pp 1 y f o r fi re p to te c ti o n a n d 
should exert: every effort to see that the valves are maintained 
i n th e n o ri n al 1 y o pe n post ti o n . T h i s effort i n c 1 u d es s peci al p re- 
cautions t;o ensure that protection is promptly restored by 
completely opening valves that are necessarily closed during 
repairs or alterations. The precautions apply equally to valves 
controlling sprinklers and other fixed water-based fire sup- 
pression systems, hydrants, tanks, standpipes, pumps, street 
connections, and sectional valves. 

E i tli e r o n e or a c o m b i n a ti o n of th e m e thod s of va 1 ve s u p e i - 
vision described in the following list is considered essential to 
e n s ti re th a t th e val ve s c on trolJi n g fi re p r o te c ti o n syste ms a re i n 
the normally open position. The methods described are in- 
tended as an aid to the person responsible for developing a 
sys te m at i c m e th o d of d e te r m i n i rig th a t th e va 1 ve s con trol ling 
sprinkler systems and other fire protection devices are open. 

Continual vigilance is necessary if valves are to be kept in the 
open position. Responsible day and night employees should be 
familiar with the location of all valves and their proper use. 

The authority having jurisdiction should be consulted as to 
the type of valve supervision required. Contracts for equip- 
ment should specify that all details are to be subject to the 
ap p ro va 1 of th e at i th o r i ty havi n g j u r i sd i c ti o n . 

(.1) Central Station Supetvisoiy Service. Central station supervi- 
so ry se rvi c e sys te m s i n vo 1 ve co m pi e te , cons tan t, an d ati to- 
rn a ti c sup e rvi s i on of va Ives by e lee tri cal 1 y o pe rate: d devi ces 
and circuits continually under test and operating through 
an approved outside central station, in compliance with 
NFPA 72, National Fire Alarm Code. It is understood that 
only such portions of. NFPA 72 that relate to valve supervi- 
sion should apply. 

(2) Proprietary Supewisory Sendee Systems. Proprietary supervi- 
sory service systems include systems where the operation 
of a valve produces some form of signal and record at a 
common point by electrically operated devices and cir- 
cuits continually under test and operating through a cen- 
tral supervising station at the property protected, all in 
compliance with the standards for the installation, main- 
tenance, and use of local protective, auxiliary protective, 
remote station protective, and proprietary signaling sys- 
tems. .It is understood that, only portions of the standards 
that relate to valve supervision should apply. 

The standard method of locking, sealing, and tagging 
valves to prevent, so far as possible, their unnecessary closing, 
to o b ta i n 1 1 o t; i .fi c a t i o n o f such closing, and to a i d i n res to ri n g 
the valve to normal condition is a satisfactory alternate to valve 
supervision. The authority having jurisdiction should be con- 
sulted as to details for specific cases. 

Where electrical supervision is not provided, locks or seals 
s h o u 1 d be p r o v i d e d o n a 1 1 va 1 v e s an d s h o u Id be of a ty p e ac- 
c e p ta b 1 e to t h e a 1 1 tli o r i ty h a . v i n g j u r is d i c ti o n . 

Seals can be marked to indicate the organization under 
whose jurisdiction the sealing is conducted. All seals should be 
attached to the valve in such a manner that the valves cannot 
be operated without breaking the seals. Seals should be of a 
character to prevent: injury in handling and to prevent reas- 
sembly when broken. When seals are used, valves should be 



inspected weekly. The authority having jurisdiction can re- 
quire a valve tag to be used in conjunction with the sealing. 

A padlock, with a chain where necessary, is especially desir- 
able to p reve ntun an th o ri zed c 1 os i n g of val ves i n a reas wh ere 
valves are subject to tampering. When such locks are em- 
ployed, valves should be inspected monthly. 

I f val ves a re 1 o c: k e d , a n y d is t r i b u t i o n of k e ys s h o u 1 d b e re - 
s trie ted to only those directly responsible for the fire protec- 
tion system. Multiple valves should not: be locked together; 
th ey sh o u Id be i nd i vi d ua 1 ly locked. 

The individual performing the inspections should deter- 
mine that each valve is in the normal position, properly locked 
or sealed, and so note on an appropriate record form while 
still at the valve. The authority having jurisdiction should be 
consulted for assistance in preparing a suitable report form 
for this activity 

Identification signs should be provided at each valve to in- 
dicate its function and what it controls. 

The position of the spindle of OS&Y valves or the target on 
the indicator valves cannot be accepted as conclusive proof 
that the valve is fully open. The opening of the valve should be 
followed by a test to determine that the operating parts have 
functioned properly 

Th e tes t co n sis ts of open i n g th e m a i n d ra i n val ve a n d per- 
mitting free flow 7 of water until the gauge reading becomes 
stationary. If the pressure drop is excessive for the water supply 
involved, the cause should be determined immediately and 
the proper remedies taken. When sectional valves or other 
special conditions are encountered, other met hods of testing 
should be used. 

If it becomes necessary to break a seal for emergency rea- 
sons, the valve, following the emergency, should be opened by 
the person responsible for the fire protection of the plant, or 
his or her designated representative, and this person should 
apply a seal at the time of the valve opening. This seal should 
be maintained in place until such time as the authority having 
jurisdiction can replace it with one of its own. 

Seals or locks should not be applied to valves reopened 
after closure until such time as the inspection procedure is 
carried out. 

Where water is shut off to the sprinkler or o titer fixed 
water-based fire suppression systems, a guard or other quali- 
fied person should be placed on duty and required to continu- 
ously patrol the affected sections of the premises until such 
time as protection is restored. 

During specific critical situations, a person should be sta- 
tioned at the valve so that the valve can be reopened promptly 
if necessary. It is the intent of this section that the person re- 
main within sight of the valve and have no other duties beyond 
this responsibility. This procedure is considered imperative 
when fire protection is shut off immediately following a fire. 

An inspection of all other fire protection equipment 
should be made prior to shutting off water in order to make 
su re i t is i n ope rati ve co n d i ti on . 

In case of changes to fire protection equipment, all pos- 
sible work should be done in advance of shutting off the water- 
so that final connections can be made quickly and protection 
restored promptly. Many times it will be found that by careful 
planning open outlets can be plugged and protection re- 
s to redo n a p o r t i o n of t h e e q u i p m e n t wh i 1 e th e a I te ra ti o n s are 
being made. 

Where changes are being made in underground piping, all 
possible piping should be laid before shutting off the water for 
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final connections. Where possible, temporary feed lines, such 
as te m po rary piping f o r re con n ec tio n of r is e rs by h ose li n es , 
and so forth, should be used to afford maximum protection. 
The plant, public tire department;, and other authorities hav- 
ing jurisdiction should be notified of all impairments to fire 
protection equipment. 

A.8. 15. 1.1.3.5 Whe re a syste m h avi n g o n ly o n e dry pipe valve 
is supplied with city water and a (Ire department connection, it 
will be satisfactory to install the main check valve in the water 
su p p ly co n n e c ti o n i m media tely i n si de of t h e builcli n g. 1 n i n- 
stances where there is no outside control valve, the system 
i n d icati ng val ve s h o u 1 d be p 1 aceel at the se rvi ce an ge , o n th e 
supply side of all fittings. 

A. 8. 1 5 . 1 . 1 .4 Se e Fi g u re A. 8 . 1 5.1.1.4. Fo r ad d i tio n al in fo rma- 
tion on controlling" valves, see NFPA 22, Standard for Water 
Tanks for Private Fire Protection. 



XZp Fire department 
connection 




City control valve 
(nonindicating valve) 



Ball drip 



FIGURE A.8.15.1.1.4 Pit for Gate Valve, Check Valve, and 
Fire Department Connection. 

A.8.15. 1.1.5 For additional information on control ling- 
valves, see NFPA 22, Standard for Water Tanks for Private Fire 
Protection. 

A. 8. 15. 1.1. 6 Check valves on tank or pump connections, 
when located underground, can be placed inside of buildings 
and at a safe distance from the tank riser or pump, except in 
cases where the building is entirely of one fire area, when it is 
ordinarily considered satisfactory to locate the check valve 
overhead in the lowest level. 

A. 8 . 1 5 . 1 . 1 . 7 It m i gh t be necessary to p rovi de valves 1 ocated i n 
pits with an indicator post extending above grade or other means 
so that the valve can be operated without entering the pit. 

A. 8 . 1 5 . 1 . 2 . 3 Wh e re th e r el i e f val ve op e ra ti o n wo u 1 d resu It in 
water being discharged onto interior walking or working sur- 
faces, consideration should be given to piping the discharge 
f ro m th e val ve to a d rai n co n n e c ti o n o r o the r safe I oca ti o n . 

A. 8. 1 5 . 1 . 3 On ts i d e con tro 1 valves a re s ugges te d i n th e fo 1 1 ow- 
ing order of preference: 

( 1 ) Lis ted i n d i cati n g val ves at e ac h c o n n e c ti o n i n to the b u i 1 d- 
ing at least 40 ft (12.2 m) from buildings if space permits 

(2) Control valves installed in a cutoff stair tower or valve 
room accessible from outside 

(3) Valves located in risers with indicating posts arranged for 
outside operation 

(4) Key-operated valves in each connection into the building 

Post-indicator valves should be located not less than 40 ft 
(12.2 m ) fro m b u i 1 d i ngs . Wh e n pos t-i ncl i ca tor valve s can no t 
be placed at this distance, they are permitted to be located 



c 1 ose r, o r wal 1 p os t-i n d i ca to i * va 1 ves can be used , p rovi d ed th ey 
are set in locations by blank walls where the possibility of in- 
j u ry by fall i n g wall s i s u n likely a n d fro m wh i eh pe o p I e a re n o t 
likely to be driven by smoke or heat. Usually, in crowded plant 
ya rd s . th ey can be p 1 aced beside 1 ow bu i 1 d i n gs , n e a r brick s ta i r 
towers, or at angles formed by substantial brick walls that are 
not likely to fall. 

A. 8 . 1 5 . 1 .4 . 2 A valve w re n c: 1 i wi th a 1 o n g h a n d I e s h o i \ 1 d be 
provided at a convenient location on the premises. 

A. 8. 15.1.6 In-rack sprinklers and ceiling sprinklers selected 
for protection should be controlled by at least two separate 
indicating valves and drains. In higher rack arrangements, 
consideration should be given to providing more than one 
i n - r ac k control val ve in o r d e r to 1 i m i 1 1 h e e x te n t o f a 1 1 y s i n g 1 e 
impairment. 



A. 8. 15.2.1 All piping should be an 
to drain to the main drain valve. 



m ge d wh e re p ra c ti cabl e 



A. 8 . 1 5 . 2 .4 Fig u re A . 8 . 1 5.2. 4 i s a n exa in pi e o f a n 1 1 n acce p t- 
able arrangement, because it. will not give a true residual read- 
i n g , i t w i 1 1 i n d i c a te a n e x c e s s i ve p r e ss u r e d r o p . 



Pressure gauge ■ 
Win. (6.4-mm) 



three-way test cock 
1 /4-in. (6.4-mm) plug 







Angle valve 
Drain pipe 
Cast iron tee - 





-Pipe outlet 



FIGURE A.8. 15.2.4 Unacceptable Pressure Gauge Location. 

A.8. 15.2.5.2.1 An example of an accessible location would be 
a valve located approximately 7 ft (2 m) above the floor level 
to which a hose could be connected to discharge the water' in 
an acceptable manner. 

A.8. 15.2.6.1 Where possible, the main sprinkler riser drain 
should discharge outside the building at a point hcc from the 
possibility of causing water damage. Where it is not possible to 
discharge outside the building waif the drain should be piped to 
a sump, which in turn should discharge by gravity or be pumped 
to a waste water drain or sewer. The main sprinkler riser drain 
connection should be of a size sufficient to cany o If water from 
the fully open drain valve while it is discharging under normal 
water system pressures. Where this is not possible, a supplemen- 
tary drain of equal size should be provided for test purposes with 
free discharge, located at or above grade. 

A. 8 . 1 5 . 3 . 1 . 3 B ra n c h 1 i n es h a v e b ecu i i i te n t i o n a 1 1 y 1 e ft; o u t o 1 
this paragraph as it is an unacceptable practice to heat trace 
and insulate branch lines. 

A. 8. 15.3.2.1 Types of locations where corrosive conditions 
can exist include bleach cries, dye houses, metal plating pro- 
cesses, animal pens, and certain chemical plants. 
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If corrosive conditions are not of great intensity and hu- 
midity is not abnormally high, good results can be obtained by 
a protective coating of red lead and varnish or by a good grade 
of commercial acid-resisting paint. The paint manufacturer's 
instructions should be followed in the preparation of the sur- 
face and in the method of application. 

Wh e re m o i s t u re c o n cl i ti o n s a r e s e ve re bu t c o r r os i ve condi- 
tions are not of great intensity, copper tube or galvanized steel 
pipe, fittings, and hangers might be suitable. The exposed 
threads of steel pipe should be painted. 

In instances where the piping is not readily accessible and 
where the exposure to corrosive fumes is severe, either a pro- 
tective coating of high quality can be employed or some form 
of corrosion-resistant material used. 

A.8.16.1 Central station, auxiliary, remote station, or propri- 
etary protective signaling systems are a highly desirable 
supplement to local alarms, especially from a safety to life 
sta n d po i n t. (See 8. J 6. 1.6.) 

Approved identification signs, as shown in Figure A.8.16.1, 
should be provided for outside alarm devices. The sign should 
be located near the device in a conspicuous position and 
should be worded as follows: 

SPRINKLER FIRE ALARM — WHEN BELL RINGS 
CALL EIRE DEPARTMENT OR POLICE. 



S R R I N KLE R? S 

iiliiiiiil 



"WHEN BELL RIINIGSS 

; ^i:R-E: DEfelL^r>Ri)Ll<f E 



mmmmmmmmmmmmmmmmmmmm: 



FIGURE A.8.16.1 Identification Sign. 

A.8. 16.1.5 Water motor-operated devices should be located 
as near as practicable to the alarm valve, dry pipe valve, or 
other waterflow detecting device. The total length of the pipe 
to these devices should not exceed 75 ft (22.9 m), nor should 
the water motor-operated device be located over 20 ft (6.1 m) 
above the alarm device or dry pipe valve. 

A.8.16.1. 6 Monitoring should include but not; be limited to 
control valves, building temperatures, fire pump power sup- 
plies and running conditions, and water tank levels and tem- 
peratures. Pressure supervision should also be provided on 
pressure tanks. 

Check valves can be required to prevent false waterflow 
signals on floors where sprinklers have not activated — for 
example, floor systems interconnected to two supply risers. 

A.8.16.1. 7 For further information, see NFPA 72, National Fire 
Alarm, Code. 



A.8.16.2 The fire department connection should be located 
not less than 18 in. (457 mm) and not more than 4 ft (1.2 m) 
above the level of the adjacent; grade or access level. 

Typical fire department connections are shown in Figure 
A.8.16.2(a) and Figure A.8. 16.2(b). See NFPA 13E, Recom- 
mended Practice for Fire Department. Operations in Properties Protected 
by Sprinkler and Standpipe Systems. 

A.8.16.2. 1 Fire department connections should be located and 
arranged so that hose lines can be readily and conveniently at- 
tached without interference from nearby objects including build- 
ings, fences, posts, or other fire department connections. Where 
a hydrant is not available, other water supply sources such as a 
natural body of water, a tank, or reservoir should be utilized. The 
water authority should be consulted when a nonpotable water 
supply is proposed as a suction source for the fire department. 

A. 8. 16.2.4 The check valve should be located to maximize 
accessibility and minimize freezing potential. 

A. 8. 16.2.4.1 The fire department connection should be con- 
nected to the system riser. For single systems it is an acceptable 
arrangement to attach the fire department connection to any 
point in the system provided the pipe size meets the require- 
ments of 8.16.2.3. 

A.8.16.4.1 See Figure A.8.16.4.L 

A. 8. 16.4.2 This test connection should be in the upper story, 
and the connection preferably should be piped from the end of 
the most remote branch line. The discharge should be at a point 
where it can be readily observed. In locations where it is not prac- 
tical to terminate the test connection outside the building, the 
test connection is permitted to terminate into a drain capable of 
accepting full flow under system pressure. In this event, the test 
connection should be made using an approved sight test connec- 
tion containing a smooth bore corrosion-resistant orifice giving a 



1 in. to 3 in. (25.4 mm to 76.2 mm 
waterproof mastic 




Header 
in valve 
room 

\ 
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FIGURE A.8.16.2(a) Fire Department Connection. 
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From public main 



Steel foot- 
hold inserts 






/ 

To fire 
service main 




©^ 



Fire department 
connection 



Round manhole at least 
27 in. (686 mm) in diameter 



Order this support 
with indicator post 



If built-in roadway, 
top of pit should 
be reinforced 



Steel foothold 
inserts 




Fill space with 
waterproof mastic 



Concrete pit 
Asphalt seal 



Fill space with 
waterproof mastic 



From public main 
Concrete support 
Device (see notes) 



Fill space with 
waterproof mastic 



To fire 
service main 



Test drain 
Floor drain 



Ball drip on 

check valve 



Optional floor 
sump 



Check valve 



Notes: 



Section (no scale) 



1 . Various backflow prevention regulations accept different devices at the connection between public water mains and private fire service mains. 

2. The device shown in the pit could be any or a combination of the following: 

(a) Gravity check valve (d) Reduced pressure zone (RPZ) device 

(b) Detector check vlave (e) Vacuum breaker 

(c) Double check valve assembly 

3. Some backflow prevention regulations prohibit these devices from being installed in a pit. 

4. In all cases, the device(s) in the pit should be approved or listed as necessary. The requirements of the local or municipal water department 
should be reviewed prior to design or installation of the connection. 

5. Pressure drop should be considered prior to the installation of any backflow prevention devices. 



FIGURE A.8.16.2(b) Typical City Water Pit — Valve Arrangement. 
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Rods for 
strapping 
to be not 
less than 
% in. 
(19.2 mm) 



u 




1 /4-in. (6.4-mm) soft 
metal seat 
globe valve with 
arrangements for 
draining pipe between c 
gauge and valve 



Listed 

indicating 

valve 



Cast iron flange and spigot 




Test ■ i | 

connection 
to drain 



FIGURE A.8. 16.4.1 Water Supply Connection with Test Con- 
nection. 

How equivalent to one sprinkler simulating the least flow from an 
individual sprinkler in die system. [See Figure A. 8. 16.4. 2(a) and 
Figure A. 8. 16. 4. 2(b).] The test valve should be located at an acces- 
sible point and preferably not over 7 ft (2.1 m) above the floor. 
The control valve on the test connection should be located at a 
point not exposed to freezing. 



Preferably from end 
of remote branch line 




Test valve in readily 
accessible location 



Smooth bore 
corrosion-resistant 
outlet giving flow 
equivalent to one 
sprinkler 



■ 45° ell 



\ 



Elevation 

Note: Not less than 4 ft (1 .2 m) of exposed test pipe in warm room 
beyond valve where pipe extends through wall to outside. 

FIGURE A.8.16.4.2(a) System Test Connection on Wet Pipe 
System. 



A.8. 16.4.3 See Fit: 



iA.8.16.4.3. 



A.8. 16.4.6 Where backflow prevention devices are installed, 
they should be in an accessible location to provide for service 
and maintenance. 

A. 8. 16.4.6.1 The full flow test of the backflow prevention valve 
can be p e rf o rm e d wi th a tes t h ead e r or o th e r co n n e c do n down- 
stream of the valve. A bypass around the check valve in the fire 
department connector line with a control valve in the normally 
closed position can be an acceptable arrangement. When flow to 
a visible drain cannot be accomplished, closed loop flow can be 
acceptable if a flow meter or site glass is incorporated into the 
system to ensure flow. When a backflow prevention device is ret- 



Indicating-type floor control valve 
4 with supervisory switch 



Pressure gauge 



Riser 




Union with corrosion 
resistant orifice 
giving flow 
equivalent to 
the smallest 
sprinkler 
orifice in 
the system 



To drain 
FIGURE A.8.16.4.2(b) Floor Control Valve. 



See note 




Test valve in readily 
accessible location 



Plug — for testing remove 
and install temporary 
connection 



Smooth bore 
corrosion-resistant outlet 
giving flow equivalent 
to one sprinkler 



Note: To minimize condensation of water in the drop to the 
test connection, provide a nipple-up off of the branch line. 

FIGURE A.8. 16.4.3 System Test Connection on Dry Pipe Sys- 
tem. 

roactively instilled on a pipe schedule system, the revised hydrau- 
lic calculation still follows the pipe schedule method of 11.2-2 
with the inclusion of friction loss for the device. 

A.8.16.5.1.1 In areas used to store baled cotton, due consider- 
ation to access aisle configuration should be given with maxi- 
mum hose lengths not exceeding 100 ft (30.1 m) .Additionally, in 
these areas, w r here a separate piping system is used to supply hose 
lines it should be in accordance widi NFPA 14, Standard for the 
Installation qfStandpipe, Private Flydranl, and, Hose Systems. 

A.8. 16.5. 1.4 This standard covers VA-'m. (38-mm) hoseconnec- 
tions for use in storage occupancies and other locations where 
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standpipe systems are not required. Where Class II standpipe sys- 
tems are required, see the appropriate provisions of NFPA 14, 
Standard for the Installation of Standpipe, Private Hydrant, and Hose 
Systems, with respect, to hose stations and water supply for hose 
connections from sprinkler systems. 

A. 8 . 1 6 . 5 . 2 Co m b i n ed auto m a tic sp ri n kle r and s ta n d pipe ri s- 
ers should not be interconnected by sprinkler system piping. 

A.9.1.1 See Figure A.9. 1.1. 

A.9.1.1. 6 Table 9.1.1.6.1(b) assumes that the load from 15 ft 
(5 m) of water-filled pipe, plus 250 lb (1 .14 kg), is located at. the 
midpoint of the span of the trapeze member, with a maximum 
allowable bending stress of 15 ksi (111 kg). If the load is ap- 
plied at other than the midpoint, for the purpose of sizing the 
trapeze member, an equivalent length of trapeze can be used, 
derived from the following formula: 



L = 



4ab_ 

a 4- b 



where: 

/_, = equivalent length 

a - distance from one support to the load 

b - distance from the other support to the load 

Where multiple mains are to be supported or multiple tra- 
peze hangers are provided in parallel, the required or avail- 
able section modulus can be added. 

A.9. 1.1.7 The rules covering the hanging of sprinkler piping 
take into consideration the weight of water-filled pipe plus a 
safety factor. No allowance has been made for the hanging of 
nonsystem components from sprinkler piping. NFPA 13 pro- 
vides the option to support sprinkler piping from other sprin- 
kler pipi ng wh e re th e req ui re m e n ts of 9.1. 1 . 2 a re me t. 

A. 9. 1.3. 9. 3 The ability of concrete to hold the studs varies 
widely according to type of aggregate, quality of concrete, and 
proper installation. 

A.9. 1.4.1 Powder-driven studs should not be used in steel of 
1 ess th an Y\ e i n . (4.8 m m ) to tal thic k n ess . 

A. 9.2. 1.3 The method used to attach the hanger to the struc- 
ture and the load placed on the hanger should take into ac- 
count any limits imposed by the structure. Design manual in- 
formation for pre-engineered structures or other specialty 
construction materials should be consulted, if appropriate. 

System mains hung to a single beam, truss, or purlin ean 
affect the structural integrity of the building by introducing 
excessive loads not anticipated in the building design. Also, 
special conditions such as collateral and concentrated load 
limits, type or method of attachment to the structural compo- 
nents, or location of attachment to the structural components 
might need to be observed when hanging system piping in 
pre-engineered metal buildings or buildings using other spe- 
cialty structural components such as composite wood joists or 
combination wood and tubular metal joists. 

A. 9. 2. 2 Wire re copper tube is to be installed in moist areas or 
other environments conducive to galvanic corrosion, copper 
hangers or ferrous hangers with an insulating material should 
be used. 

A.9.2.3.2.2 See Figure A.9.2.3.2.2. 

A.9.2.3.4 Sprinkler piping should be adequately secured to 
restrict the movement of piping upon sprinkler operation. 
The reaction forces caused by the flow of water through the 



sprinkler could result in displacement of the sprinkler, 
thereby adversely affecting sprinkler discharge. Listed CPVC 
pipe and listed polybutylene pipe have specific requirements 
for piping support to include additional pipe bracing of sprin- 
klers. See Figure A.9.2.3.4. 

A.9.2.3.4.3 See Figure A.9.2.3.4.3 (a) and Figure A.9.2.3.4.3(b). 

A.9.2.3.5 See Figure A.9. 2. 3.5. 

A.9.2.3.5.2 See Figure A.9.2.3.5.2. 

A.9.3.1 Sprinkler systems are protected against earthquake 
damage by means of the following: 

(1) Stresses that would develop in the piping due to differen- 
tial building movement are minimized through the use of 
flexible joints or clearances. 

(2) Bracing is used to keep the piping fairly rigid when sup- 
ported from a building component expected to move as a 
unit, such as a ceiling. 

Areas known to have a potential for earthquakes have been 
identified in building code and insurance maps. Examples of two 
such maps are shown in Figure A.9.3.1 (a) and Figure A.9.3.1 (b). 

A. 9. 3. 2 Strains on sprinkler piping can be greatly lessened 
and, in many cases, damage prevented by increasing the flex- 
ibility between major parts of the sprinkler system. One part of 
the piping should never be held rigidly and another part al- 
lowed to move freely without provision for relieving the strain. 
Flexibility can be provided by using listed flexible couplings, 
by joining grooved end pipe at critical points, and by allowing 
clearances at walls and floors. 

Tank or pump risers should be treated the same as sprinkler 
risers for their portion within a building. The discharge pipe of 
tanks on buildings should have a control valve above the roof line 
so any pipe break within the building can be controlled. 

Piping 2 in. (51 mm) or smaller in size is pliable enough so 
that flexible couplings are not usually necessary. "Rigid-type" 
couplings that permit less than 1 degree of angular movement 
at the grooved connections are not considered to be flexible 
c ouplin gs . [See Figure, A. 93. 2 (a) and Figure A .93. 2(b) . ] 

A. 9. 3. 2. 3 (2) The flexible coupling should be at the same el- 
evation as the flexible coupling on the main riser. [See Figure 
A.93.23(2)J 

A. 9. 3. 2. 3 (4) A building expansion joint is usually a bitumi- 
nous fiber strip used to separate blocks or units of concrete to 
prevent cracking due to expansion as a result of temperature 
changes. Where building expansion joints are used, the flex- 
ible coupling is required on one side of the joint by 9.3.2.3(4). 
For seismic separation joints, considerably more flexibility 
is needed, particularly for piping above the First floor. Figure 
A. 9. 3. 3 shows a method of providing additional flexibility 
through the use of swing joints. 

A.9.3.3 Plan and elevation views of a seismic separation 
assembly assembled with flexible elbows are shown in Fig- 
ure A.9.3.3. 

A seismic separation assembly is considered to be an assem- 
b 1 y of fi 1 1 i n gs , pipe, and c o u p 1 i n gs o r a n as semblyofpipea n d 
couplings that permits movement in all directions. The extent 
of pe rm i tte d m oveme n t sho u 1 d be su f fi c i e nt to acco m m od ate 
calculated differential motions during earthquakes. In lieu of 
calculations, permitted movement can be made at least twice 
the actual separations, at right angles to the separation as well 
as parallel to it. 
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Adjustable 
swivel ring 



Clevis hanger 
Ceiling flanges 



Split ring 



Riser clamp 
Side beam attachments 














^ 




Eyelet Offset eyelet 



C-type clamps 






^ 




Universal beam clamps 



o 



Retainer strap 





Wide mouth 
beam clamp 




Toggle nut U-bolt U-hook Wraparound 

U-hook 






Purlin 
clamp 



Steel 
C-clamp 



Malleable iron 
C-clamp 



Concrete inserts 





f , ' ' < s 



Short 
strap 



Wood beam 
clamp 



■Miwminw 



Eye rod 



Hums: 



Coach screw rod 




Rod 
coupling 



Expansion shields 



021 



Wedge anchor 



Drop in 



Powder-driven studs 



<# 



Concrete 



Steel 



All thread rod 
FIGURE A.9. 1 . 1 Common Types of Acceptable Hangers. 



<$hotb: 



<^ssssr^| <\\\\\\\\\\\ (j 



Lag screw Drive screw Wood screw 
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Less than 6 ft (1.8 m) 
< > 



■ Baffles 



O^K>i<)A<>+<)/K> 

l I 



Not to exceed 12 ft (3.7 m) 
FIGURE A.9.2.3.2.2 Distance Between Hangers. 



A.9.3.4 While clearances are necessary around the sprinkler 
piping to prevent breakage due to building movement, suit- 
able provision should also be made to prevent passage of wa- 
ter, smoke, or fire. 

Drains, fire department connections, and other auxiliary 
piping connected to risers should not be cemented into walls 
or floors; similarly, pipes that pass horizontally through walls 
or foundations should not be cemented solidly or strains will 
accumulate at such points. 

Where risers or lengths of pipe extend through suspended 
ceilings, they should not be fastened to the ceiling framing 
members. 



A.9.3.5 Figure A.9.3.5(a) and Figure A.9.3.5(b) are examples 
of forms used to aid in the preparation of bracing calculations. 

A.9.3.5. 2. 2 The investigation of tension-only bracing using 
materials, connection methods, or both, other than those de- 
scribed in Table 9.3.5.8.9(a), Table 9.3.5.8.9(b), and Table 
9.3.5.8.9(c), should involve consideration of the following: 

(1) Corrosion resistance. 

(2) Prestretching to eliminate permanent construction 
stretch and to obtain a verifiable modulus of elasticity. 

(3) Color coding or other verifiable marking of each differ- 
ent size cable for field verification. 

(4) The capacity of all components of the brace assemblies, 
including the field connections, to maintain the manufac- 
turer's minimum certified break strength. 

(5) Manufacturer's published design data sheets/manual 
showing product design guidelines, including connection 
details, load calculation procedures for sizing of braces, 
and the maximum recommended horizontal load- 
carrying capacity of the brace assemblies including the 
associated fasteners as described in Figure 9.3.5.9.1. The 
maximum allowable horizontal loads shall not exceed the 
manufacturer's minimum certified break strength of the 
brace assemblies, excluding fasteners, after taking a safety 
factor of L5 and then adjusting for the brace angle. 

(6) Brace product shipments accompanied by the manufac- 
turer's certification of the minimum break strength and 
prestretching and installation instructions. 



o-> 



36 in. (0.9 m) for 1 in. pipe 
48 in. (1 .2 m) for 1 1 A in. pipe 
60 in. (1 .5 m) for 1 1 / 2 in. pipe 
or larger 



<h L 



O 



<h 




Greater than 36 in. (0.9 m) for 1 in. pipe 

Greater than 48 in. (1.2 m) for 1 1 A in. pipe 

Greater than 60 in. (1 .5 m) for 1 V2 in. pipe or larger I 



Then extend here - 



FIGURE A.9.2.3.4 Distance from Sprinkler to Hanger. 



Ch L 



For any pipe size: 

12 in. (305 mm) maximum for steel pipe 

6 in. (152 mm) maximum for copper pipe 



O, 



O?' 



k_ 



-O7 



-O7 



For any pipe size: 

Greater than 12 in. (305 mm) for steel pipe 

6 in. (1 52 mm) for copper pipe 




Then extend here 



FIGURE A. 9. 2.3.4.3 (a) Distance from Sprinkler to Hanger Where Maximum Pressure Exceeds 100 
psi (6.9 bar) and a Branch Line Above a Ceiling Supplies Pendent Sprinklers Below the Ceiling. 
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Short strap U-hook 

(Pipe tight to structure) 




Wraparound 
U-hook 




Clevis hanger 



Pipe 
size 


D 

dimension 


1 in. 


Vs in. 


1 Va in. 


Va in. 


Y/2\n. 


Va in. 


2 in. 


y 4 in. 


2'/ 2 in. 


Va in. 





Adjustable swivel 

ring — rod tight 

to pipe 



Adjustable swivel 

ring with surge 

suppressor 






Clip-on wraparound U-hook devices 

FIGURE A.9.2.3.4.3(b) Examples of Acceptable Hangers for End-of-Line (or Armover) 
Pendent Sprinklers. 



( 7 ) Th e m a n 1 1 fac u i re r ' s 1 i te rat 1 1 re , i n c\ u d i n g any special too 1 s 
or precautions required to ensure proper installation. 

(8) A means to prevent: vertical motion due to seismic forces 
when required. 

Table A. 9. 3.5.2.2 identifies some specially listed tension- 
on ly b rac i n g sys te m s . 

A.9.3.5.5.1 The four-way brace provided at the riser can also 
provide longitudinal and lateral bracing for adjacent mains. 



Table A. 9. 3. 5. 2. 2 Specially Listed Tension-Only Seismic 
Bracing 



Materials and Dimensions 



Standard 



Man ual for S true tu ral Ap p 1 i cati o n of ASCE 1 9-9 6 

Steel Cables 

Wire Rope Users Manual of the Wire ASCE 1 9-96 

Rope Technical Board 

M e ch a n ical S tre n g th Req u i re me n ts ASTM A 60 3 

Breaking Strength Failure Testing ASTM E 8 
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Without support: 

24 in. (610 mm) maximum for 

steel pipe 

12 in. (305 mm) maximum for 

copper tube 



O 



Armover — 
to sprinkler 



- Branch line 
or cross main 



Without support: 

12 in. (305 mm) maximum 

for steel pipe 

6 in. (152 mm) maximum 

for copper tube 



O 



Armover to - 
pendent sprinkler 



-Branch line 
or cross main 



FIGURE A.9. 2.3.5 Maximum Length for Unsupported 
Armover. 



Note: The pendent sprinkler can be installed either 
directly in the fitting at the end of the armover or in a 
fitting at the bottom of a drop nipple. 



FIGURE A.9.2.3.5.2 Maximum Length of Unsupported 
Armover Where the Maximum Pressure Exceeds 100 psi 
(6.9 bar) and a Branch Line Above a Ceiling Supplies Pen- 
dent Sprinklers Below the Ceiling. 




ALEUTIAN '_ 
ISLANDS ^ 



FIGURE A.9.3.1 (a) Seismic Zone Map of the United States. 
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°- 33 * 0.20 0.10 




0.10 



Legend 

X Seismic zone 

Effective peak velocity- 
related acceleration (A v ) 

A v >QA0 

Represents the maximum value 
in the center of the zone 



Scale 1 :20,000,000 



FIGURE A.9.3.1(b) Map of Seismic Zones and Effective Peak Velocity-Related Acceleration 
(A z/ ) for the Contiguous 48 States; Linear Interpolation Between Contours is Acceptable. 



24 in. 
(610 mm) 
maximum 



Roof- 



Wall- 




3- 



J-^--L^L 
-nh--rh- 



4-way brace 
(Pipe must rotate 
within brace) 

-Flexible 
coupling 

Siding 

Column 
Flexible coupling 




Flexible elbow 




If dimension is 
less than 3 ft (0.9 m), 
flexible fitting is not 
needed. 



(AT-connection fitting with 
flexible joints can be substituted 
for elbow.) 



FIGURE A.9.3.2(b) Detail at Short Riser. 



Detail A 



Detail B 

(Might be preferred for metal buildings) 



Note to Detail A: The four-way brace should be attached above the 
upper flexible coupling required for the riser and preferably to the roof 
structure if suitable. The brace should not be attached directly to a 
plywood or metal deck. 

FIGURE A.9.3.2(a) Riser Details. 
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<24in.(610mm) 



JL_ [ 



Flexible coupling 



r 



Ceiling/floor assembly 



] [ 



U 



-Flexible coupling 



Flexible coupling 
j <12 in. (305 mm) 



Ceiiing/floor assembly 



J 



FIGURE A.9.3.2.3(2) Flexible Coupling on Main Riser and 
Branch Line Riser. 



A. 9. 3. 5. 6 Location of Sway Bracing. Two-way braces are either 
longitudinal or lateral depending on their orientation with 
the axis of the piping. [See Figure A. 9. 3. 5. 6(a), Figure 
A.9.3.5.6(b), Figure A.9.3J.6(c), and Figure A. 9 J. 5. 6(d).] The 
simplest form of two-way brace is a piece of steel pipe or angle. 
Because the brace must act in both compression and tension, 
it is necessary to size the brace to prevent buckling. 

An important aspect of sway bracing is its location. In 
Buildi n g 1 of Fi gu re A. 9 . 3 . 5 . 6 ( a ) , th e re 1 ati ve 1 y h e avy m ai n wi 1 1 
pull on the branch lines when shaking occurs. If the branch 
lines are held rigidly to the roof or floor above, the fittings can 
fracture due to the induced stresses. 

Bracing should be on the main as indicated at Location B. 
With shaking in the direction of the arrows, the light branch lines 
will be held at the fittings. Where necessary, a lateral brace or 
other restraint should be installed to prevent a branch line from 
striking against building components or equipment. 

A four-way brace is indicated at Location A. This keeps the 
riser and main lined up and also prevents the main from shifting. 

In Building 1, the branch lines are flexible in a direction 
parallel to the main, regardless of building movement. The 
h e avy m ai n can not s h if t u n de r th e roo f o r 11 oo r, an d i t also 
steadies the branch lines. While the main is braced, the flex- 
ible couplings on the riser allow the sprinkler system to move 
with the floor or roof above, relative to the floor below. 

Figure A.9.3.5.6(b), Figure A.9.3.5.6(c), and Figure 
A. 9. 3.5. 6(d) sh ow typ ical 1 o cati o n s of sway brae i n g. 



10 in. {254 mm) 
long nipple C 



10 in. (254 mm) 
long nipple 




(203 mm) I (203 mm) and nipple E 



Plan 



Fire sprinkler Coupling 
main 




Vertical 
A movement 



Normal 
B ' position 




/j i , v v\ 



4 in. (102 mm) 



8 in. (203 mm) 



__ Normal 
position 

Longitudinal movement 




4 in. (102 mm) 



8 in. (203 mm) 



Nipple E 

ell lengths 

1 /2 in. (216 mm) for 3-in. (76-mm) pipe 
7 1 /2 in. (191 mm) for 2 1 /2-in. (63-mm) pipe 




T 4 in. 
(102 mm 



Elevation 



| 8 in. 
| (203 mm) 
Lateral movement 

Horizontal Views 



FIGURE A.9.3.3 Seismic Separation Assembly. Shown are an 8-in. (203-mm) Separation Crossed 
by Pipes up to 4 in. (102 mm) in Nominal Diameter. For Other Separation Distances and Pipe 
Sizes, Lengths and Distances Should Be Modified Proportionally. 
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Seismic Bracing Calculations 

Sheet of 


Project: 


Contractor: 




Address 


Address: 










Telephone: 




Fax: 






Brace Information 


Seismic Brace Attachments 


Length of brace: 




Structure attachment fitting or tension-only bracing system: 
Make: Model: 




Diameter of brace: 








Listed load rating: 


/ 


Adjusted load rating per 9.3.5.10.3: 


Type of brace: 




Anqle of brace: 




Sway brace (pipe attachment) fitting: 
Make: Model: 
Listed load rating: Adjusted load rating per 9.3.5.10.3: 


Least radius of gyration:* 


L/R value:* 




Maximum horizontal load: 


Seismic Brace Assembly Detail 

(Provide detail on plans) 








Fastener Information 


Orientation of connectinq surface: 


Fastener: 
Type: 




Diameter: 




Length (in wood): 








Maximum load: 




Brace identification 
(to be used on plans 


no. 

) 












□ Lateral brace 


D Longitudinal brace 


Sprinkler System Load Calculation [F p = W p (default is 0.5)] 


Diameter 


Type 


Length (ft) 


Total (ft) 


Weight per ft 


Total Weight 










lb/ft 


lb 










lb/ft 


lb 










lb/ft 


lb 










lb/ft 


lb 










lb/ft 


lb 










Total weight 


lb 


F p x 1.15 


lb 



* Excludes tension-only bracing systems 

FIGURE A.9.3.5(a) Seismic Bracing Calculation Form. 
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Seismic Bracing Calculations 



Sheet . 



of. 



Project: 
Address: 



Acme Warehouse 



321 First Street 



Any City , Any State 



Contractor: 
Address: 

Telephone: 
Fax: 



Smith Sprinkler Company 



123 Main Street 



Any City, Any State 



(555) 555-1254 



(555) 555-4521 



Brace Information 



Seismic Brace Attachments 



Length of brace: 

Diameter of brace: 

Type of brace: 

Angle of brace: 

Least radius of gyration:* 

L/R value:* 

Maximum horizontal load: 



6 ft 5 in. 



1 in. 



Schedule 40 
30° to 45° 



Structure attachment fitting or tension-only bracing system: 

Makft- Acme Model: 125 

Listed load rating: 1Q00_ Adjusted load rating per 9.3.5.10.3: 50 ° 

Sway brace (pipe attachment) fitting: 
Makft- Acme Model: 521 



0.42 



Listed load rating: 1200 Adjusted load rating per 9.3.5.10.3: 600 



200 



1767 lb 



Fastener Information 



Seismic Brace Assembly Detail 

(Provide detail on plans) 

- % in. x 6 in. through bolt 
with nut and washer 



Orientation of connecting surface: 



Fastener: 
Type: 
Diameter: 
Length (in wood): 
Maximum load: 





A 


r^r= 












iiiiiihiiiiiiii 




t 

Yz beam 

depth 

minimum 

1 


^ 


:=rrrn 





Through bolt 



4 in. x 12 in. beam - 



491 lb 



Brace identification no. 

(to be used on plans) 55-1 



Lateral brace 




in. Schedule 40 



□ Longitudinal brace 



Sprinkler System Load Calculation [F p = W p (default is 0.5)] 



Diameter 



Type 



Length (ft) 



Total (ft) 



Weight per ft 



Wn 



Total Weight 



5ch40 



15 ft + 25 ft + 6 ft + 22 ft 



70 ft 



2.05 



lb/ft 



03 



71.74 



lb 



l/ 4 in. 



Sen 40 



25 ft + 55 ft + 15 ft 



76 ft 



2.95 



lb/ft 



03 



111.54 



lb 



/2 in. 



Sen 40 



5ft + 5ft + 10ft + 10ft 



56 ft 



3.61 



lb/ft 



03 



64.93 



lb 



2 in. 



5ch40 



20 ft 



20 ft 



5.13 



lb/ft 



03 



51.3 



lb 



4 in. 



Sen 10 



20 ft 



20 ft 



11.75 



lb/ft 



0.5 



119.5 



lb 



Total weight 



416.57 lb 



F p x1.15 



450 



lb 



* Excludes tension-only bracing systems 
FIGURE A. 9. 3. 5(b) Sample Seismic Bracing Calculation. 
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Lateral brace 
(two-way) 



Longitudinal brace (two-way) 



A Four-way brace at riser 

B Lateral brace 

C Lateral brace 

D Short drop [Figure A.9.3.2(b)] 

E Couplings at wall penetration 

F Longitudinal brace 



FIGURE A.9.3.5.6(a) 
Piping, 



Earthquake Protection for Sprinkler 



Longitudinal brace 

(two-way) 



/ 



Longitudinal brace can 
serve as lateral brace for 
cross main if connections 
are strong enough. 



Lateral 

brace 

(two-way) 



- Lateral brace (two-way) 




(12 m) 



(12 m) 



Longitudinal brace needed for 
Detail A, Figure A.9. 3.2(b). 
Might be needed for other details 
to take load off riser brace. 



Four-way brace 



FIGURE A.9. 3.5. 6(b) Typical Location of Bracing on a Tree 
System. 

For all threaded connections, sight holes or other means 
should be provided to permit indication that sufficient thread 
is engaged. 

To properly size and space braces, it is necessary to employ 
the following steps: 

(1) Based on the distance of mains from the structural mem- 
bers that will support the braces, choose brace shapes and 
sizes from Table 9.3.5.8.9(a), Table 9.3.5.8.9(b), and 




? K 

m J\~^ Lateral brace (two-way) 

Four-way brace 



FIGURE A.9.3.5.6(c) Typical Location of Bracing on a Grid- 
ded System. 



Longitudinal brace 
(two-way) 

\ 



Lateral brace 
(two-way) 




Longitudinal brace 
(two-way) 



Four- way brace 



FIGURE A.9.3.5.6(d) Typical Location of Bracing on a 
Looped System. 



Table 9.3.5.8.9(c) such that the maximum slenderness ra- 
tios, l/r, do not exceed 300. The angle of the braces from 
the vertical should be at least 30 degrees and preferably 
45 degrees or more. 

(2) Tentatively space lateral braces at 40-ft (12-m) maximum 
distances along mains and tentatively space longitudinal 
braces at 80-ft (24-m) maximum distances along mains. 
Lateral braces should meet the piping at right angles, and 
longitudinal braces should be aligned with the piping. 

(3) Determine the total load tentatively applied to each brace 
in accordance with the examples shown in Figure 
A,9.3.5.6(e) and the following: 

(a) For the loads on lateral braces on cross mains, add 
one-half the weight of the branch to one-half the 
weight of the portion of the cross main within the 
zone of influence of the brace. [See examples 1, 3 y 6, 
and 7 in Figure A. 9.3. 5. 6(e).] 

(b) For the loads on longitudinal braces on cross mains, 
consider only one-half the weight of the cross mains and 
feed mains within the zone of influence. Branch lines 
need not be included. [See examples 2, 4, 5, 7, and 8 in 
Figure A. 9. 3 3. 6(e). ]Yov the four-way bracing at the top of 
the riser, half the weight of the riser should be assigned 
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FIGURE A.9.3.5.6(e) Examples of Load Distribution to Bracing. 
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to both of the lateral and longitudinal loads as they are 
separately considered. 
(c) For the four-way brace at the riser, add the longitudi- 
nal and lateral loads within the zone of influence of 
the brace [see examples 2, 3, and 5 in Figure 
A. 9.3. 5. 6(e)]. For the four-way bracing at the top of 
the riser, half the weight of the riser should be as- 
signed to both the lateral and longitudinal loads as 
they are separately considered. 

(4) If the total expected loads are less than the maximums 
permitted in Table 9.3.5.8.9(a), Table 9.3.5.8.9(b), and 
Table 9.3.5.8.9(c) for the particular brace and orienta- 
tion, go on to step (5). If not, add additional braces to 
reduce the zones of influence of overloaded braces. 

(5) Check that fasteners connecting the braces to structural 
supporting members are adequate to support the ex- 
pected loads on the braces in accordance with Table 
9.3.5.8.9(a), Table 9.3.5.8.9(b), and Table 9.3.5.8.9(c). If 
not, again add additional braces or additional means of 
support. 

Use the information on weights of water-filled piping con- 
tained within Table A. 9. 3. 5. 6. The factor of 1.15 is intended to 
approximate the additional weight of all the valves, fittings, 
and other devices attached to the system. 

A.9.3.5.8 Sway brace members should be continuous. Where 
necessary, splices in sway bracing members should be de- 
signed and constructed to insure that brace integrity is main- 
tained. 

A.9.3.5.9 The criteria in Table 9.3.5.8.9(a), Table 9.3.5.8.9(b), 
and Table 9.3.5.8.9(c) are based upon the use of a shield-type 
expansion anchor. Use of other anchors in concrete should be in 
accordance with the listing provisions of the anchor. 



Table A. 9. 3. 5. 6 Piping Weights for Determining Horizontal 
Load 





imensions 


Weight 


f Water-Filled Pipe 


Nominal D 


lb/ft 


kg/m 


Schedule 40 


Pipe (in.) 






1 




2.05 


3.05 


VA 




2.93 


4.36 


VA 




3.61 


5.37 


2 




5.13 


7.63 


m 




7.89 


11.74 


3 




10.82 


16.10 


3 ¥2 




13.48 


20.06 


4 




16.40 


24.41 


5 




23.47 


34.93 


6 




31.69 


47.16 


8* 




47.70 


70.99 


Schedule 10 


Pipe (in.) 






1 




1.81 


2.69 


VA 




2.52 


3.75 


VA 




3.04 


4.52 


2 




4.22 


6.28 


VA 




5.89 


8.77 


3 




7.94 


11.82 


Vh 




9.78 


14.55 


4 




11.78 


17.53 


5 




17.30 


25.75 


6 




23.03 


34.27 


8 




40.08 


59.65 



I * Schedule 30. 
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C n r re n I (as t;e n e is f o r a n c h ori 1 1 g to co 11 c r e te are re f e rre d to 
as expansion anchors. Expansion anchors come in two types. 
Deformation-controlled anchors are set by driving a ping into 
th e ex pa n s i o n po rt in th e a n c h o r o r d ri vi n g th e a n ch or o ve r a 
ping that expands the end of the anchor into the concrete. 
Torque-controlled expansion anchors are set by applying a 
torque to the anchor, usually to a nut, which causes the expan- 
sion sleeves to be pressed against the wall of the drilled hole. 

Consideration should be given with respect to the position 
near the edge of the concrete and to the type of bolts used in 
co nj 1 1 nc ti on w i th the a n c h o i s . 

A. 9 . 3 . 6 . 1 Wi res used fo r pi pi n g restrai n ts sh ou Id be attached to 
the branch line with two tight turns around the pipe and fastened 
wi th I X) u i " ti g h t tu r n s w i th i n Wi in. (38 mm), andshould b e at- 
tached to the structure in accordance with the details shown in 
Figure A.9.3.6.1 (a) through Figure A.9. 3.6.1 (d) or other ap- 
proved method. 

A. 9 . 3 . 6 . 4 Th e res tra i n i n g w i re s h o ul d be pro vi d ed as c 1 ose as 
possible to the hanger. 

A. 9. 3. 6. 5 Such restraint can be provided by using the re- 
s tra i n i n g w i re cl i sc u ssed i n 9.3.6. 1 . 

A. 10.1 Th e te r n i underground i s i n te n d ed to m e an d i reel; bu r- 
i ed p i p i n g . Fo i: e x a m p 1 e , p i p i n g i n s talk d i n tren ch es an d tti n- 
neis but exposed should be treated as aboveground piping. 

Loop systems for yard piping are recommended for in- 
creased reliability and improved hydraulics. Loop systems 
should be sectional ized by placing valves at branches and at 
s tra te g i c 1 o ca t i o n s to in i n i m i ze the ex te n t o J i n i pa i r m e n ts . 

A. 1 . 1 . 1 Co p p e r t u b i n g ( Type K) wi th b razed j o i n ts con fo rm- 
i n g to Tab 1 e 1 . 1 . 1 an d Tab J e 1 0.2.1(a) is ace ep tabl e f o r u n d e r- 
ground service. Listing and labeling information, along with 
a p p 1 i cab 1 e p ubli ca ti o n s fo r re fe re n ce , fo 1 1 o ws : 

( 1 ) Listing and, Labeling. Testing laboratories list or label the 
following: 

(a) Cast-iron and ductile iron pipe (cement-lined and 
u n 1 i n e d , c o a te cl an d unc o a te d ) 

(b) Asbestos-cement pipe and couplings 



(c) Steel pipe 

(d) Copper pipe 

( e ) Fi be rgl ass .fi 1 a m e n t-wo u nd e poxy p i p e a nd co u pi i ngs 

(f) Polyethylene pipe 

(g) Polyvinyl chloride (PVC) pipe and couplings 

(h) Underwriters Laboratories Inc. lists, under re- 
examination service, reinforced concrete pipe (cylin- 
der pipe, nonprestressed and prestressed). 

( 2 ) Pipe Standards. Th e va ri o us ty pes of pip e a re u s u al 1 y m an li- 
lac tu red to on e of the f o 11 owi n g s ta nd a rds : 

(a) ASTM C296, Standard Specification for Asbestos-Cement 
Pressure Pipe 

(b) AWWAC151, Ductile Iron Pipe, Centrifugally Cast for Water 

(c) AWWA C300, Reinforced Concrete Pressure Pipe, Steel- 
Cylinder Type, for Water and Other Liquids 

(d) AWWA C301, Prestressed Concrete Pressure Pipe, Steel- 
Cylinder Type, for Water and Other Liquids 

(e) AWWA C302, Reinforced Concrete Pressure Pipe, Non- 
Cylinder Type, for Water and Other Liquids 

(f) AWWA C303, Reinforced Concrete Pressure Pipe, Steel- 
Cylinder Type, Pretensioned, for Water and Other Liquids 

(g) AWWA C400, Standard for Asbestos-Cement Distribution 
Pipe, 4 in. Through 16 in., for Water and- Other Liquids 

(h) AWWA C900, Polyvinyl Chloride (PVC) Pressure Pipe, 4 in. 
Through 12 in., for Water arid, Other Liquids 

A. 10. 1.4 The following pipe design manuals can be used as 
guides: 

(1) AWWAC150, Thickness Design of Ductile Iron Pipe 

(2) AWWA C401, Standard Practice for the Selection of Asbestos- 
Cement Water Pipe 

( 3 ) AWWA M4 1 , Ductile Iron Pipe and Fittings 

(4) Concrete Pipe Plandbook, American Concrete Pipe Association 



5 /ie-in. (8-mm) drill-in 
expansion anchor minimum 



Structural 
concrete 




Wire "pigtail" with 2-in. (50-mm) 
diameter loop and 4-in. (100-mm) tail 



Steel strap 

1 in. (25 mm) wide x 

2 in. (50 mm) long x 

12 galvanized minimum 



Four tight turns 



Splayed seismic restraint wire • 
Detail A — Splayed seismic restraint wire attachment 
FIGURE A.9.3.6.1 (a) Wire Attachment to Cast-in-Place Concrete. 




Detail B 
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Steel strap 
(See Note) 



Four tight turns 




Structural 
shape 



Splayed seismic restraint wire 



Note: See Figure A.9.3.6.1 (a), Detail B. 
Detail A — At steel beams 



Web members 




Bottom chord 



Insulation over 
steel deck 





Splayed seismic 
restraint wire 




See Note 2 



Notes: 

1 . Splay wires parallel to joist. Splay 
wires cannot be perpendicular to joist. 

2. See Figure A.9.3.6.1 (a), Detail A. 

Detail B — At open web steel joist 



Four tight turns 

Two #8 x V 2 -in. (12-mm) 
Restraint wire — x "*d/ / -"'' self-tapping screws 



Steel straps 3 in. {75 mm) wide x 

4 in. (100 mm) long x 12 galvanized 



Note: If self-tapping screws are used with concrete fill, 
set screws before placing concrete. 

Detail C — At steel roof deck 



FIGURE A.9.3.6.1 (b) Acceptable Details — Wire Connections to Steel Framing. 



A. 1 . 1 . 6 The f olio wi n g s ta n d a rd s apply to t h e ap pi ica ti on o f 
coating and linings: 

(1) AWWA CI 04, Cement Mortar Lining For Ductile Iron Pipe and 
Fillings for Waler 

(2) AWWA CI 05, Polyethylene Encasement for Ductile Iron Pipe 
Systems 

(3) AWWA C203, Coal-Tar Protective Coatings and Linings for 
Steel Waler Pipelines Enamel and Tape — Hoi Applied 

( 4 ) AWWA C 205, Cemenl-Morlar Protective Lining and Coaling for 
Steel Water Pipe 4 in. and Larger — Shop Applied 

(5) AWWA C602, Cemenl-Morlar Lining of Water Pipe Lines 4 in. 
and Larger — in Place 

A. 1 . 2 .4 The fo 1 1 owi n g s tandard s ap ply to j o i n ts u sed wi th t h e 

va r i o i x s ty p e s of" p i p e : 



( 1 ) ASME Bl 6. 1 , Cast-Iron Pipe Flanges and Flanged, Fillings 

( 2 ) AWWA C 111, Rubber-Gaskeljoin ts for Ductile Iron Pressure Pipe 
and Fittings 

(3) AWWA CI 15, Flanged Ductile Iron Pipe with Ductile Iron or 
Cray Iron Threaded flanges 

(4) AWWA C206, Field Welding of Steel Water Pipe 

(5) AWWAC606, Grooved and Shouldered Joints 

A. 10.2.5 Fittings generally used are east i ron with joi n is made to 
the specifications of the manufacturer of the particular type of 
pipe (see the standards listed in A. 10.2.4). Steel fittings also have 
some applications. The following standards apply to fittings: 

(1) ASME B16.1, Cast-iron Pipe Flanges and Flanged Fittings 

(2) AWWA C11.0, Ductile Iron and Cray Iron Fillings, 3 -in. 
Through 48-in., for Water and O liter Liquids 
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Nonstructural 
concrete 1 




Structural 
concrete fill 



See Detail B for 
alternate 
support detail 



O 



±j — S^kJ^ 



Steel 
deck 




Td 



Wire "pigtail" 
(See Note) 



Splayed seismic restraint 
Detail A —At steel deck with insulating fil 



Note: See Figure A.9. 3. 6. 1(a), Detail B. 
Detail B — At steel deck with concrete fill 



Structural 
concrete fil 



• Q 



;TT;. • d 



c^^^M^fr=m 



See Note 




- Steel deck 



Restraint wire 



Note: See Figure A.9.3.6. 1(a), Detail A. 
Detail C — At steel deck with concrete fill 

For SI units, 1 in. = 25.4 mm. 

Note: If self-tapping screws are used with concrete fill, set screws before placing concrete. 




See Note 



Restraint wire 



Note: See Figure A.9.3.6.1 (a), Detail A. 
Detail D — At steel deck with concrete fill 



FIGURE A.9.3.6. 1 (c) Acceptable Details ~~ Wire Connections to Steel Decking with Fill. 



(3) AWWA CI 53, Ductile Iron Compact Fittings, 3 in. through 
24 in. and 54 in. through 64 in. for Water Service 

(4) AWWA C208, Dimensions for Fabricated Steel Water Pipe 
Fittings 

A. 10.4.1 The following documents apply to the installation of 
pipe and fittings: 

(1) AWWA C603, Standard for the Installation of Asbestos-Cement 

Water Pipe 

(2) AWWA C600, Standard for the Installation of Ductile-Iron Wa- 
ter Mains and Their Appurtenances 

(3) AWWA M 1 J , A Guide for Steel Pipe Design and Installation 

(4) AWWA M41 , Ductile Iron Pipe and Fittings 

(5) Concrete Pipe Handbook, American Concrete Pipe Asso- 
ciation 

( 6 ) Handbook ofPVC Pipe, U n i-Bell PI astic Pipe Associate on 

(7) Installation Guide for Ductile Iron Pipe, Ductile Iron Pipe Re- 
search Association 

(8) Thrust Restraint Design for Ductile Iron Pipe, Ductile Iron 
Pipe Research Association 

As there is normally no circulation of water in private fire 
mains, they require greater depth of covering than do public 
mains. Greater depth is required in a loose gravelly soil (or in 
rock) than in compact soil containing large quantities of clay. 



The recommended depth of cover above the top of under- 
ground yard mains is shown in Figure A. 10.4.1. 

A. 10.5.1 In determining the need to protect aboveground 
piping from freezing, the lowest mean temperature should be 
considered as shown in Figure A. 10.5.1. 

A.10.6.7 Gray cast iron is not considered galvanically dissimi- 
lar to ductile iron. Rubber gasket joints (unrestrained push-on 
or mechanical joints) are not considered connected electri- 
cally. Metal thickness should not be considered a protection 
against corrosive environments. In the case of cast-iron or duc- 
tile iron pipe for soil evaluation and external protection sys- 
tems, see Appendix A of AWWA CI 05, Polyethylene Encasement for 
Ductile Iron Pipe Systems. 

A. 10. 8. 1.1 It is a fundamental design principle of fluid me- 
chanics that dynamic and static pressures, acting at changes in 
size or direction of a pipe, produce unbalanced thrust forces 
at locations such as bends, tees, wyes, dead ends, and reducer 
offsets. This design principle includes consideration of lateral 
soil pressure and pipe /soil friction, variables that can be reli- 
ably determined using current soil engineering knowledge. 
Refer to A. 1 0.1.1 for a list of references for use in calculating 
and determining joint restraint systems. 
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Three 1 1 /2-in, (38-mm) x 9 galvanized 
staples or three stronghold "J" nails 
at each wire loop 



1 /4-in, (6.3-mm) diameter screw 
eye with full thread embedment 
[VA in. (32 mm) minimum] 




1 in. 

(25.4 mm) 
minimum 

L 



Joist or rafter 



Restraint wire 



Detail A — Wood joist or rafter 




Restraint wire 



Detail B — At wood joist or rafter 



Three 1 1 /2-in. (38-mm) x 9 galvanized staples 
or three stronghold "J" nails 
at each wire loop 



For restraint wires — fully embed 



2(50mm)xblkg.w/2-16d 

common nails 

ea. end 

Restraint wire 




screw eye threads in direction of wire 
1 /4-in. (6.3-mm) diameter drilled hole- 



DetaM C — At wood joist or block 



Restraint wire 
Saddle tie (see Detail G) 




Detail D — To bottom of joist 



Web member 



Saddle tie 
(see Detail G) 




Restraint wire 





Do not insert 
screw eyes into 
side of laminated 
veneer lumber 
flange. 



Detail E — Restraint wire parallel to wood truss 



Restraint wire 



Detail F — Laminated veneer lumber upper flange 



1 1 /2 in. {38 mm; 



— Dimension 
^__^_ K greater 

1 (//)!)))) than1/2in -( 12m,Ti ) 



- Restraint wires — 
four tight turns 



Detail G —Typical saddle tie 



Note: Do not insert screw 
eyes parallel to laminations 
(see Detail F). (Details can 
also be used at top chord.) 



1 /4-in. (6.3-mm) 
diameter screw eye 
with 1 1 /4-in.(32-mm) - 
minimum penetration 



Restraint wire - 



-1 in. (25.4 mm) 
minimum 



Detail H — Laminated veneer lumber lower flange 
FIGURE A. 9. 3. 6. 1 (d) Acceptable Details — Wire Connections to Wood Framing. 



2002 Edition 



13-254 



INSTALLATION OF SPRINKLER SYSTEMS 




FIGURE A. 10.4.1 Recommended Depth of Cover (in feet) Above Top of Underground Yard Mains. 



Except for the case of welded joints and approved special re- 
strained joints, such as is provided by approved mechanical joint 
retainer glands or locked mechanical and push-on joints, the 
usual joints for underground pipe are expected to be held in 
place by the soil in which the pipe is buried. Gasketed push-on 
and mechanical joints without special locking devices have lim- 
ited ability to resist separation due to movement of the pipe. 

A.10.8.2 Thrust Blocks. Concrete thrust blocks are one of the 

most com m o n m e th ods o f res tra i n t n o w in use , p rovided th at 
stable soil conditions prevail and space requirements permit 
placement. Successful blocking is dependent upon factors 
such as location, availability and placement of concrete, and 
possibility of disturbance by future excavations. 

Resistance is provided by transferring the thrust, force to 
the soil through the larger bearing area of the block such that 
the resultant pressure against the soil does not exceed the 
horizontal bearing strength of the soil. The design of thrust 
blocks consists of determining the appropriate bearing area of 
the block for a particular set of conditions. The parameters 
involved in the design in el tide pipe size, design pressure, 
a n gl e o f th e be n d ( o r co nfi gn ratio n of th e fi tting i nvolved ) , 
and the horizontal bearing strength of the soil. 

Table A. 10.8.2 (a) gives the nominal thrust at fittings for 
various sizes of ductile iron and PVC piping. Figure 
A. 10.8.2 (a) shows an example of how thrust forces act on a 
piping bend. Figure A. 10.8.2(b) shows an example of a typical 
connection to a fire protection systems riser. 



Thrust blocks are generally categorized into two groups — 
bearing and gravity blocks. Figure A. 10.8.2(c) depicts a typical 
bearing thrust block on a horizontal bend. 

The following are general criteria for bearing block design: 

(1) The bearing surface should, where possible, be placed 
agai n s t u n d i s tu rbed soil. 

(2) Where it is not possible to place the bearing surface 
against undisturbed soil, the fill between the bearing sur- 
face and undisturbed soil must be compacted to at least 
90 percent. Standard Proctor density. 

(3) Block height (h) should be equal to or less than one-half 
the total depth to the bottom of the block (H t ) but not less 
than the pipe diameter (D). 

(4) Block height (h) should be chosen such that the calculated 
block width (b) varies between one and two times the height. 

The required block area (A b ) is as follows: 



A, = (/#>) = 



T(S,) 



where: 



h 
b 
T 



required block area 
block height 
calculated block width 
thrust force 
safety factor 
bearing strength 
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Complied from U.S. Department of Commerce 
Environmental Data Service and Canadian 
Atmospheric Environment Service. 
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V ■ 



£ 




T X =PA{1 -cose) 
T y - PA sin 

T=2PA$\n® 



a- (90-1) 



T Thrust force resulting from change in direction of flow 

T x Component of the thrust force acting parallel to the original 

direction of flow 
Ty Component of the thrust force acting perpendicular to the 

original direction of flow 

P Water pressure 

A Cross-sectional area of the pipe interior 

V Velocity in direction of flow 

FIGURE A.10.8.2(a) Thrust Forces Acting on a Bend. 




System riser 



Cast iron flange 
and spigot piece 



Fire service 
main 



Cast iron bell 
and spigot pipe 



FIGURE A.10.8.2(b) Typical Connection to a Fire Protection 
System Riser. 



Undisturbed soil 



Bearing pressure 

#^ s b 




T Thrust force resulting from the change in direction of flow 
S b Horizontal bearing strength of the soil 

FIGURE A.10.8.2(c) Bearing Thrust Block. 
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T Thrust force resulting from the change of direction of flow 

T x Horizontal component of the thrust force 

T y Vertical component of the thrust force 

S b Horizontal bearing strength of the soil 

FIGURE A. 10.8.2(d) Gravity Thrust Block. 



Table A.10.8.2(b) Horizontal Bearing Strengths 

Bearing Strength, S h 





Soil 


lb/ft 2 


kN/m 2 


Horizontal 


Muck 








plane 


Soft clay 


1000 


47.9 




Silt 


1500 


71.8 


^5fc>-^ 


Sandy silt 


3000 


143.6 


^^$^J 


Sand 


4000 


191.5 




Sandy clay 


6000 


287.3 




Hard clay 


9000 


430.9 



Notes: 

1. Although the bearing strength values in this table have been used 
successfully in the design of thrust blocks and are considered to be 
c o n se rva tive , th e i r ac cu racy is to tal 1 y d e pe n d e n t o n a c c u ra te soil iden- 
tification and evaluation. The ultimate responsibility for selecting the 
proper bearing strength of a particular soil type must rest with the 
d es i g n e n g i n e e r. 

2. Gravity thrust blocks can be used to resist thrust at vertical down 
bends. In a gravity thrust block, the weight of the block is the force 
providing equilibrium with the thrust, force. The design problem is 
th e n to c al c u I a te th e re q u i r e d vo 1 u m e o f I h e th r u s t b I o c k o f a k n own 
density. The vertical component of the thrust force in Figure 
A. 10.8.2(d) is balanced by the weight of the block. 



Table A.10.8.2(a) Thrust at Fittings at 100 psi (6.9 bar) Water Pressure for Ductile Iron and PVC Pipe 



Nominal 








Total Pounds 






Jripe 














Diameter 




90-Degree 


45-Degree 


22 ^-Degree 


1 1 14-Degree 


5 '/^-Degree 


(in.) 


Dead End 


Bend 


Bend 


Bend 


Bend 


Bend 


4 


1,810 


2,559 


1,385 


706 


355 


162 


6 


3,739 


5,288 


2,862 


1,459 


733 


334 


8 


6,433 


9,097 


4,923 


2,510 


1,261 


575 


10 


9,677 


13,685 


7,406 


3,776 


1,897 


865 


12 


13,685 


19,353 


10,474 


5,340 


2,683 


1,224 


14 


18,385 


26,001 


14,072 


7,174 


3,604 


1,644 


16 


23,779 


33,628 


18,199 


9,278 


4,661 


2,126 


18 


29,865 


42,235 


22,858 


11,653 


5,855 


2,670 


20 


36,644 


51,822 


28,046 


14,298 


7,183 


3,277 


24 


52,279 


73,934 


40,013 


20,398 


10,249 


4,675 


30 


80,425 


113,738 


61,554 


31,380 


15,766 


7,191 


36 


115,209 


162,931 


88,177 


44,952 


22,585 


10,302 


42 


155,528 


219,950 


119,036 


60,684 


30,489 


13,907 


48 


202,683 


286,637 


155,127 


79,083 


39,733 


18,124 



Notes: 

1. For SI units, 1 lb. - 0.454 kg. 

2. To determine thrust at pressure other than 100 psi (6.9 bar), multiply the thrust obtained in the table by 
the ratio of the pressure to 100 psi (6.9 bar). For example, the thrust on a 12-in., 90-degree bend at 125 psi 
(8.6 bar) is 19,353 x 125/100 = 24,191 lb. 
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T 1 1 e n , I .<:> i ' a 1 1 o r i zot 1 ta I be 1 1 cl , ih e f o 1 1 o wi n g f o rm u 1 a is used: 
) _ 2(.S,)(/')(/l).sin(9/2) 

where: 

.Sy = s i i ft i.y f a c to r ( u s u a 1 1 y 1 . 5 i o r thru s t b 1 o t: k d e sign) 
P = water pressure 

A - cross sectional area of the pipe interior 
//. = block height 
$f, - h ori zo 1 1 t a ! be a r i n g s tie n g th of th e soil 

A similar approach can be used to design bearing blocks to 
re s i s l 1 1 i e thru s t J.b r c e s a 1 1 a c a t i o n s s u c h a s te e s a n d d e ad e n d s . 
Typ i ca 1 v; dues fo r co n se rva ti.vc h o r i /on t al b ea r i n g s tre n gth s of 
va i i o u s so i 1 ty pe s a i e lis ted i n Ta b 1 e A . 1 0.8.2(b). 

In lieu of the values for soil bearing strength shown in 
Ta bl e A. 1 . 8 . 2 ( b ) , a d es i g net mi gh t choose to use ca 1 c 1 1 1 a te d 
Ra n kin e pass i ve p ress u re (P jt ) o r o th e r d e te rm i n a ti on of s o i 1 
bearing strength based on actual soil properties. 

It can be easily be shown that 1\ - PA sin. The required 
vo 1 \\\\\ e of the b 1 o c k i s as f o 1 1 o ws : 



K, = 



S j PA sin Q 

W 



where 



safety (actor 
P - water pressure 
A - cross sectional area of the pipe interior 

W 1tl = d en s i ty o f th e b lock m a te r i a 1 

In a case such as the one shown, the horizontal component 
of thrust force is calculated as follows: 

;/; = ./-M(.l-cos6) 

where: 

./■' = water pressure 

A - c r os s s e c t: i o i ) a I a r e a o I 4 1 1 e p i p e i n te r i o r 

The horizontal component of thrust force must be resisted 
by the bearing of the right side of the block against the soil. 
Analysis of this aspect will follow the same principles as the 
previous section on bearing blocks. 

A. 1 . 8 . 3 . 5 E x an i p 1 es o f n i a te r i a 1 s a n d t h e s ta n d ard s c o veri ng 
these materials are as follows: 

(!) Clamps, steel (see. Note) 

(2) Rods, steel (see Note) 

(3) Bolts, steel (ASTM A 307, Standard Specif 'kalian for Carbon 
Sled Bolls and Studs) 

( 4 ) Was h e rs , s te e 1 (see Note); ca s t i i 'on ( Cl ass A cas t i ron as d e- 
11 nod by .ASTM A 1 26, Standard. Specification for Gray iron 
Casting for V(droes, .Flanges and. Pipe .Fittings) 

( 5 ) A 1 a c 1 1 o r s 1 1 a p s ; u i c 1 ) > 1 u g s t r a p s , s te e 1 (see Note) 

(6) Rod couplings or turn buckles, malleable iron (ASTM 
A 197, Standard, Specification for Cupola Malleable Iron) 

S tec: 1 o f in o d i fi e d i a 1 1 ge m e it: h a n t q l i a 1 i ty as d e Fi n ed i n U . S . 
Federal Standard No. 66 C, Standard for Steel Chemical Composi- 
tion and Harden A bility, A p i *i 1 18, .1. 967 , t: han ge n o ti ce N o . 2 , 
April 16, 1970, as promulgated by the U.S. Federal Govern- 
ment General Services Administration. 

T hem a to r i a I s s pec i ( 1 ed i n A . .1 ( .) . 8 . 3 . 5 ( 1 ) th ro u g 1 i ( 6 ) do no t 
preclude the use of other materials that will also satisfy the 
requirements of tins section. 



A. 1 . 1 . 2 . 1 U n cl e rg r o u n d n i a i n s an cl I e a d-i n c o n n e c t io n s 
t o sys t e m rise is s h o u 1 d b e (1 u s h e d 1 1 1 r o u g 1 i h yd r a n ts a t d ead 
ends of the system or through accessible aboveground 
flushing outlets allowing the water to run until clear. Fig- 
ure A . 1 . 1 .2.1 s h o ws a c c e p ta b l.e e x a i n p I e s o f 1:1 n s h i n g th c 
s y s to m . If w a te r is sup p lied 1 j " o m n i o r e th a n o n e sou r c e o r 
from, a looped system, divisional valves should be closed to 
produce a high-velocity (low through each single line. The 
(1 ows spe t: ill e tl i n Tab 1 e 1 .10.2. 1 . 3 wi 1 1 prod n c e a ve 1 o c i ty of 
at: I east 1 f t/ se c ( 3 m / sec ) , wh i c h is n ec essa ry fo r cl ea n i n g 
t h e p i p e a n d fo r 1 i f ti n g f o re i g n m a te r i a 1 to a n a b o ve g ro u n d 
flush ing outlet. 



4-in. (102-mm) steel pipe 



Wye or Siamese connection 
with clappers removed 

V. 



'^\Reducing ell 6 in. (152 mm) x 

4 in. (102 mm) 
3 or 8 in. (203 mm) x 2 V 2 -in. (64-mm) hose 

4 in. (102 mm) v 

< — Cast iron flanged spigot Water to flow - 

pipe from underground through open hose 

Employing horizontal run of 4-in. (102-mm) pipe and 
reducing fitting near base of riser 




Install a piug or 
a nipple and cap 
and flush 
underground 

before overhead 
piping is 
connected 



Fire department 
check valve 

J 



Water can be discharged 
through open end of 4-in. 
(1 02-mm) pipe or through 
Y or Siamese connection 
with hose as shown 




Approved 
indicating 
valve 



Install a plug or 
a nipple and cap 
and flush 
underground 

before overhead 
piping is 
connected 



Approved 
indicating 
valve 



Remove clapper dur- 
ing flushing operation 
4-in. 
^1 02-mm) 




Water can be 
discharged through 
open end of 4-in. 
(102-mm) pipe or 
through Y or Siamese 
/ connection with hose 
as shown above 




Employing fire department connections 

FIGURE A.10. 10. 2.1 Methods oi Flushing Water Supply Con- 
nections. 



A. 1 0. 1 . 2 . 2 . 1 A spri n kl e i ■ sys te m h as fo r i ts wa te r s 1 1 pply a co n- 
nection to a public water service main. A 100-psi (6.9-bar) rated 
pump is installed in the connection. With a maximum normal 
public water supply of 70 psi (4.8 bar) at the low elevation point 
of the individual system or portion of the system being tested and 
a 120-psi (8.3-bar) pump (churn) pressure, the hydrostatic test 
pressure is 70 psi + 120 psi + 50 psi or 240 psi (16.5 bar). 
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To reduce the possibility of serious water damage in case of a 
break, pressure can be main mined by a small pump, the main 
controlling gate meanwhile being kept shut during the test. 

Polybutylene pipe will undergo expansion during initial 
pressurization. In this case, a reduction in gauge pressure 
might not necessarily indicate a leak. The pressure reduction 
should not exceed the manufacturer's specifications and list- 
ing criteria. 

When systems having rigid thermoplastic piping such as 
CPVG a re p ressu re tes ted , th e s p ri n Id e r syste m sh ou Id be f i lied 
with water. The air should be bled from the highest and far- 
thest sprinklers. Compressed air or compressed gas should 
never be used to test systems with rigid thermoplastic pipe. 

A recommended test procedure is as follows: The water 
pressure is to be increased in 50-psi (3.4-bar) increments until 
the test pressure described in 10.10.2.2.1 is attained. After 
each increase in pressure, observations are to be made of the 
s tabi 1 i ty of th e j o i n is . Th ese o bse rva ti o n s are to i n c 1 ude su c ii 
items as protrusion or extrusion of the gasket, leakage, or 
other factors likely to affect the continued use of a pipe in 
service. During the test, the pressure is not to be increased by 
the next increment until the joint has become stable. This 
applies particularly to movement of the gasket. After the pres- 
sure has been increased to the required maximum value and 
held for 1 hour, the pressure is to be decreased to psi while 
observations are made for leakage. The pressure is again to be 
s 1 owly i n c rease d to th e va 1 u e sp e cifi e d i n 10.10.2.2.1 an d h el d 
for 1 more hour while observations are made for leakage and 
the leakage measurement is made. 

The use of non combustible compressed gas to increase the 
pressure in a water filled system is an acceptable test procedure. 

A. 10. 10. 2. 2. 4(1) New pipe laid with rubber gaske ted joints 
should, if the workmanship is satisfactory, have no leakage at 
the joints. Unsatisfactory amounts of leakage usually result 
from twisted, pinched, or cut gaskets. However, some leakage 
m i g h t r e su 1 1 f ro m s m a 1 1 a m o u n ts o f g ri t o r s m al I i m p e rf e c ti o n s 
in the surfaces of the pipe joints. 

A.10. 10.2.2.4(2) The use of a blind flange or skillet is pre- 
ferred for use when hydrostatically testing segments of new 
work. Metal seated valves are susceptible to developing slight 
imperfections during transport, installation, and operation 
and thus can be likely to leak more than 1 1:1 oz (30 ml) per 
inch of valve diameter per hour. For this reason, the blind 
flange should be used when hydrostatically testing. 

A. 11. 2. 2.8 The additional pressure that is needed at the level of 
the water supply to account for sprinkler elevation is 0.433 psi/ft 
(0.098 bar/m) of elevation above the water' supply. 

A. 11. 2. 3. 1.1 Appropriate area/ density, other design criteria, 
and water supply requirements should be based on scientifi- 
cally based engineering analyses that can include submitted 
fire testing, calculations, or results from appropriate computa- 
tional models. 

Recommended water supplies anticipate successful sprin- 
kler operation. Because of the small but still significant num- 
ber of uncontrolled fires in sprinkle red properties, which 
have various causes, there should be an adequate water supply 
avai 1 able fo r f i re d e par tin e n t use. 

A. 1 1 . 2 . 3 . 1 . 7 W 1 i e n a 1 i gh t hazard occ u pan cy, such as a sch ool , 
contains separate ordinary hazard storage rooms no more 
than 400 fr, the hose stream demand would be that required 
for a light hazard occupancy 



A.11. 2.3.1.8(3) This section is included to compensate for 
p ossi bl e d e 1 ay i n o p e rati on o f s p r i n kl e rs f i o in 11 re s i n c o m b u s- 
tibl e co n ce al ed s paces fo u n din wood f ra in e , b ri ck ve n ee i \ a n d 
ordinary construction. 

A. 1 1 . 2 . 3. 1 . 8 ( 4) ( b) Co m pos i te wo od j o i s Ls a re n o t c o n s i d e re d 
solid wood joists for the purposes of this section. Their web 
members are too thin and easily penetrated to adequately 
compartment a fire in an unsprinklered space. Application of 
this item is not affected by the depth of the joist channel ex- 
cept in determining the volume. 

A.11.2.3.1.8(4)(c) This exception is intended to apply only 
when the exposed materials in the space are limited combus- 
tible materials or fire re tarda nt- treated wood as defined in 
NFPA 703, Standard for Fire Relardanl hnpregnaied Wood and, Fire 
Relardant Coalings jar Building Materials. 

A. 11. 2. 3. 2. 1.1 The situation frequently arises where a small 
area of a higher hazard is surrounded by a lesser hazard. For 
example, consider a 600-ft" area consisting of 10- ft high on- 
floor storage of cartoned solid plastic commodities sur- 
rounded by a plaster injection molding operation in a 15- ft 
high building. In accordance with Chapter 12, the density re- 
q u i red fo r th e pi as t i c s to rage m u s t m e e t th e req u i re m e n ts fo r 
extra hazard (Group 1) occupancies. The injection molding 
operation should be considered an ordinary hazard (Group 
2) occupancy. In accordance with Chapter 11, the correspond- 
ing discharge densities should be 0.3 gp in /fr over 2500 ft" for 
the storage and 0.2 gpm/ft 2 over' 1 500 [ : v for the remainder of 
the area. (Also see Chapter 11 for the required minimum ar- 
eas of operation.) 

If th e s to rage are a is n o t se para ted fro m th e s u r ro u n d i n g 
area by a wall or partition (see ILJ.2), then the size of the 
o perati n g area i s de te rm i n ed by t h e h i gh e r h a za id s to rage . 

For example, the operating area is 2500 fr. The system 
must be able to provide the 0.3-gpm/fr density over the stor- 
age area and 15 ft beyond. If part of the remote area is outside 
the 600 ft 2 plus the 15-ft overlap, then only 0.2 gpm/fr is 
needed for that portion. 

If the storage is separated from the surrounding area by a 
floor-to-ceiling/ roof partition that is capable of preventing 
heat from a fire on one side from fusing sprinklers on the 
o the r si d e , the n th e si ze of th e o pe rati n g a r ea i s d e te mi i n e d by 
the occupancy of the surrounding area. \u this example, the 
design area is 1,500 fr. A 0.30-gpm/ir density is needed 
wi th in th e separa te d a rea w i th . 2 gp in / ft: 2 i 1 1 th e re m ai n d e r 
of the remote area. 

A. 1 1 .2.3. 2. 2. 2 It is n ot th e i n ten t of th is exception to restrict th e 
use of quick-response sprinklers in extra hazard occupancies but 
rather to indicate that the areas and densities sir own in Figure 
1 1.2.3.1.5 might not be appropriate for use with quick-response 
sprinklers in those environments due to a concern with water 
supplies. 

A. 1 1 . 2 . 3 . 2 . 7 Example /.Ad ry p ipe sprinkler sys te m ( O II 2 ) i n a 

building with a ceiling slope exceeding two in .12 in. (16.6 per- 
cent slope). The initial area must be increased 30 percent for 
the dry pipe system and the resulting area an additional 
30 percent for the roof slope. If the point 0.2 gpm/ft" 
(8.2 mm/min) over 1500 ir (139 irr) is chosen from Fig- 
ure 11.2.3.1.5, the 1500-fr (139-nr) area is increased 
450 ft 2 (42 m a ) to 1950 ft 2 (181 nr), which is then further 
increased 585 ft 2 (54 in 2 ). The final discharge criterion is 
the n 0.2 g p in / f t ~ (8.2 m m / m in) o ve i - 2 5 3 5 ft 2 ( 2 3 6 m 2 ) . 
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Example, 2. A. wet pipe sprinkler system (light hazard) in a 
building with a 16 ft 8 in. ceiling and a slope exceeding two in 
12 in. (16,6 percent slope) employs quick-response sprinklers 
qualifying for a 30 percent reduction as permitted by 
11.2.3.2.3. The initial area must be increased 30 percent for 
the ceiling slope and the resulting area decreased 30 percent 
for quick-response sprinklers. It does not matter if the reduc- 
tion is applied .first. If a discharge density of 0.1 gpm/ft 2 
(4.1 mm/min) over 1500 ft 2 (139 in 2 ) is chosen from Figure 
11.2.3.1.5, the 1500 ft 2 (139 m 2 ) is increased 450 ft 2 (42 m 2 ), 
resulting in 1950 ft 2 (181 m 2 ), which is then decreased 585 ft 2 
(54 m 2 ). The final design is 0.1 gpm/ft 2 (4.1 mm/min) over 
1365 ft 2 (126.8 m 2 ). 

A .1 1.2. 3. 3.1 This subsection allows for calculation of the 
sprinklers in the largest room, so long as the calculation pro- 
duces the greatest hydraulic demand among selection of 
rooms and communicating spaces. For example, in a case 
where the largest room has four sprinklers and a smaller room 
has two sprinklers but communicates through unprotected 
openings with three other rooms, each having two sprinklers, 
the smaller room and group of communicating spaces should 
also be calculated. 

Corridors are rooms and should be considered as such. 

Walls can terminate at a substantial suspended ceiling and 
need not be extended to a rated floor slab above for this sec- 
tion to be applied. 

A. 11. 2. 3. 4. 2 This section is intended to apply to all types of 
systems including dry pipe and p reaction systems. 

A.ll.2.3.5.1 The protection area for residential sprinklers 
with extended coverage areas is defined in the listing of the 
sprinkler as a maximum square or rectangular area. Listing 
information is presented in even 2-ft (0.61-m) increments 
from 12 ft to 20 ft (3.6 m to 6.1 m) for residential sprinklers. 
When a sprinkler is selected for an application, its area of 
coverage must be equal to or greater than both the length and 
width of the hazard area. For example, if the hazard to be 
protected is a room 14 ft 6 in. (4.3 m) wide and 20 ft 8 in. 
(6.2 m) long, a sprinkler that is listed to protect an area of 16 ft 
x 22 ft (4.9 m x 6.8 m) must be selected. The flow used in the 
calculations is then selected as the flow required by the listing 
f o r th e se 1 ec te d c o ve rage . (See Figure A.ll.2.3.5.1.) 



A. 11.2.3.5.2 In Figure A. 1 1.2.3.5.2, calculate the area indicated 
by the heavy outline and X. The circle indicates sprinklers. 
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FIGURE A.ll.2.3.5.1 Determination of Protection Area of 
Coverage for Residential Sprinklers. 



(d) 



FIGURE A.ll.2.3.5.2 Examples of Design Area for Dwelling 
Units. 



A. 11. 2. 3. 7.1 If the system is a deluge type, then all the sprin- 
klers need to be calculated even if they are located on differ- 
ent building faces. 

A.12.1.4 Wet systems are recommended for storage occupan- 
cies. Dry pipe systems should be permitted only where it is 
impractical to provide heat. 

A.12. 1.4.2 Wet systems are recommended for rack storage 
occupancies. Dry systems are permitted only where it is im- 
practical to provide heat. Preaction systems should be consid- 
ered for rack storage occupancies that are unheated, particu- 
larly where in-rack sprinklers are installed or for those 
occupancies that are highly susceptible to water damage. 

A. 12. 1.5 Where high temperature-rated sprinklers are in- 
stalled at the ceiling, high temperature-rated sprinklers also 
should extend beyond storage in accordance with Table A. 12. 1.5. 

A.12. 1.8 In a dry pipe system, the area increase of 30 percent 
should be compounded [e.g., 2000 ft 2 (186 m 2 ) (1.67 for low- 
temperature sprinklers and 1.3 for dry pipe systems) = 4343 ft 2 
(403.5 m 2 ) total area] . Where dry pipe systems are used in 
existing installations, the areas of operation indicated by the 
tables should be increased by 30 percent. 
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Table A.12.1.5 Extension of Installation of 
High-Temperature Sprinklers over Storage 





Design Area for High 

Temperature-Rated 

Sprinklers 


Distance Beyond Perimeter 

of High-Hazard 

Occupancy for High 

Temperature-Rated 

Sprinklers 




ft 2 


m 2 


ft 


m 




2000 


1.85.8 


30 


9.14 




3000 


278.7 


40 


12.2 




4000 


371.6 


45 


13.72 




5000 


464.5 


50 


15.24 




6000 


557.4 


55 


16.76 



A. 12. 1.9 Idle pallet, storage introduces a severe fire condi- 
tion. Stacking idle pallets in piles is the best arrangement of 
combustibles to promote rapid spread of fire, heat release, 
and complete combustion. After pallets are used for a short 
time in warehouses, they dry out and edges become frayed and 
splintered. In this condition they are subject to easy ignition 
from a small ignition source. Again, high piling increases con- 
siderably both the challenge to sprinklers and the probability 
of i n vo 1 vi n g a 1 ai ge n u m be r of pal le ts wh en fi re o cc urs. Th e re- 
fo re , i t i s p re fe rabl e to s to re p al 1 e ts o u td oo rs w he re possible. 
A fire in stacks of idle plastic or wooden pallets is one of the 
greatest challenges to sprinklers. The undersides of the pallets 
create a dry area on which a lire can grow and expand to other 
dry or partially wet areas. This process of jumping to other dry, 
closely located, parallel, combustible surfaces continues until the 
fire bursts through the top of the stack. Once this happens, very 
little water is able to reach the base of the fire. The only practical 
method of stopping a fire in a large concentration of pallets with 
ceiling sprinklers is by means of prewetting. In high stocks, this 



cannot be done without abnormally high water supplies. The 
storage of empty wood pallets should not be permitted in an 
u nsp ri nkl ered wareh ouse con tai n i ng o th e r storage . 

A.12.1.9.1.1 See Table A. 12. 1.9. 1.1. 

A.12.1.9.1.2 No additional protection is necessary, provided 
the requirements of 12.1.9.1 .2 are met. 

A. 1 2. 1 . 1 3 The reaso ns for usi ng large r o r i f ice spri n kl e rs i n stor- 
age situations are based on a number of fire tests in recent years 
that continue to show an advantage of the larger orifice (K-11.2 
and K-16.8) sprinklers over the K-5.6 and even the K-8 orifice 
sprinklers. Following are four sets of fire test comparisons using 
constant densities. [See Table A. 12. L 13(a) and Table A. 12. ./. 13(b)]. 

(1) K-5.6 vs. K-11.2 

(a) Commodity — idle wood two-way pallets 

(b) 2 stacks x 3 stacks x 8 ft high 

(c) Ceiling height — 30 ft 

(d) Density — constant 0.30 gpm/fr 

(e) Test#l — 165°F rated, K-11.2 sprinklers 

(f) Test #2 — I65°F rated, K-5.6 sprinklers 

( g) Tes t # 1 resul ts — 4 A. S . o pe ra te d 

(h) Test #2 results — 29 A.S. operated, less fire control 
and greater temperatures 

(2) K-8.0 vs. K-11.2 vs. K-16.8 

(a) Commodity — idle wood four-way pallets 

(b) Two stacks x three stacks x 12 ft high 

(c) Ceiling height — 30 ft 

(d) Density — constant 0.6 gpm/fr 

(e) Test #1 — 286°F rated, K-8 sprinklers 

(f) Test #2 — 165°F rated, K-ll .2 sprinklers 

(g) Test #3 — 165°F rated, K-16.8 sprinklers 

(h) Test #1 results — 10 A.S. operated, 658°C maximum 
steel temperature, fire spread to all sides 

(i) Test #2 results — 13 A.S. operated, 94°C maximum 
steel temperature, fire spread to three sides 

(j) Test #3 results — 6 A.S. operated, 54° C maximum 
steel temperature, fire spread (just reached) one side 



Table A.12.1.9.1.1 Recommended Clearance Between Outside Idle Pallet Storage and Building 



Minimum Distance of Wall from Storage of 



Wall Construction 



Wall Type 



Openings 



Under 50 Pallets 



ft 



50 to 200 Pallets 



ft 



Over 200 Pallets 



Masonry 



None 



Wi re d glass wi th o u tside sp r i n kl e rs 
and 1-hour doors 



3.1 



Wired or plain glass with outside 
sprinklers and %-hour doors 



10 



3.1 



20 



Notes: 

1. Fire-resistive protection comparable to that of the wall also should be provided for combustible eaves lines, 
ve n t o p e n i n gs , and s o f o r th . 

2. Where pallets are stored close to a building, the height of storage should be restricted to prevent burning 
p al 1 e ts fro m f al ling o n th e b u i 1 d i n g . 

3. Manual outside open sprinklers generally are not a reliable means of protection unless property is ar- 
te n de d to a t al 1 t i m e s by p I a n t e in e rge n cy personnel. 

4. Open sprinklers controlled by a deluge valve are prefer red. 



20 



30 



6.1 



9.1 



Wood or metal with outside sprinklers 


10 


3.1 


20 


6.1 


30 


9.1 


Wood, metal, or other 


20 


6.1 


30 


9.1 


50 


15.2 
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Table A.I2.1. 13(a) Ceiling Type 



Sprinkler Size of 

Distance Fire 

Below Time to at 

Ceiling Activation Activation 





Ceiling Type 


(in.) 


(seconds) 


(Btu/s) 




Insulated deck 


1 


76 


450 


Fast- 


Steel 


1 


97 


580 


growing 


Wood 


1 


71 


420 


fire 


Insulated deck 


12 


173 


1880 




Steel 


12 


176 


1930 




Wood 


12 


172 


1900 




Insulated deck 


1 


281 


220 


Slow- 
growing 


Steel 

Wood 

Insulated deck 


1 
1 

12 


375 
268 
476 


390 
200 
630 


1 1 1 e 


Steel 


12 


492 


675 




Wood 


12 


473 


620 



Table A.12.1. 13(b) Ceiling Arrangement 







Time to 








Activate 


Fire Size at Time 






Sprinkler 


of Activation 


Situation 


Fire 


(seconds) 


(Btu/s) 


Ceiling with pocket 


Fast 


86 to 113 


585 


Sprinkler 12 in. 


Fast. 


172 to 176 


1880 to 1900 


below ceiling 








Ceiling with pocket 


Slow 


288 to 395 


490 


Sprinkler 12 in. 


Slow 


473 to 492 


620 to 675 


below ceiling 









(3) K-5.6vs.lv 16.8 

(a) Commodity — FMRC standard plastic commodity 
rack style 9 .ft high 

(b) Ceiling height — 30 ft 

( c ) De n si ty — 0. 45 gpm /ir 

( d ) Tes t # I — K-5 . 6 o rif ice s p ri n kl ers 

( e ) Tes t #2 — K- 1 6 . 8 o rif tee spri n kl e rs 

(f) Test #1 results — 29 A.S. operated, 14 pallet loads 
consumed 

(g) Test #2 results — 5 A.S. operated, 2 pallet loads 
consumed 

(4) K-8.()vs. K-16.8 

(a) Commodity — FMRC standard plastic commodity 
rack stage 14 ft high 

( b ) Ce i 1 in g 1 1 e i gh I; — 2 5 ft 

(c) Density — 0.60 gpm /ft" 

(d) Test #1 — K-S.o'sprinklers 

(e) Test #2 — K-16.8 sprinklers 

(1) Test #1 results — 29 A.S. operated, 25 pallet loads 

consumed 

(g) Test #2 results — 7 A.S. operated, 4 pallet loads 

consumed 

On an equal density basis the fire test comparisons show 

the advantage of the larger orifices. A possibly even bigger 

advantage can be seen when investigating the performance of 



larger orifice sprinklers in the real world condition of high 
initial operating pressures. 

The volume of water discharged through the larger 
K-factor for the initial sprinklers has three significant effects. 

(1) First, the increase in sheer volume flowing through the 
larger orifice enhances performance. For example, a 165 
psi initial operating pressure would provide 102.8 gpm 
from a'K-8, while the K-16.8 will discharge 215.8 gpm. 

( 2 ) Sec o n d , fi re tes ti ng at h i gh press u res ( 1 00 + ps i ) wi th K-5 . 6 
and K-8 (when high fire upd rafts occur) have shown less 
water penetration and more sprinkler skipping. When 
fire testing the K-ll and K-16.8 sprinklers at 100+ psi, 
more water penetration is evident and little or no sprin- 
kler skipping has occurred. 

(3) Third, with such high initial discharge rates among K-16.8 
sprinklers, the friction loss in the supply pipes would be 
greater. This would result in lower initial pressures than a K-8 
as well as being farther down the water supply curve with 
greater flows resulting in lower initial operating pressures. 

Figure A. 12. 1.1 3 highlights the differences of the K-8 and 
K-16,8 initial operating pressures. 

The higher flow rate of the K-16.8 sprinkler results in greater 
friction losses in the initial operating heads as compared to the 
K-8. Combined with the lower pressure available on the water 
supply curve, the end result is a self-regulating orifice size allow- 
ing greater initial pressures without, a negative impact. 

Table A. 12. 1.1 3(c) summarizes the paper product testing. 

The results: The tests indicated that even at a high tetn- 
peratu re of 286 °F, th e K-8 s pr in k I e rs o p era ti n g a t h i gh e r pres- 
su res were n o t e ffe c ti ve i n con trol 1 i ng th e 11 re . Co n ve rsely, th e 
K-16.8 was able to control the lire at the lower temperature 
(155°F), by operating sooner, and at lower, self-regulating 
flowi ng pressures. 

Conclusions: The larger K-factor of the K-16.8 is not af- 
fected by high initial operating pressures. In fact, the protec- 
tio n is e n h an ce d , p rovi d i n g be tte r fi re p ro tec ti o n . 

The ability to use lower rated temperatures, such as 155°F 
in lieu of 286°F, shows that the performance of the initial op- 
erating sprinklers is effective in controlling the .fire. There- 
fore, using high temperature heads to reduce the number of 
s u rro an ding ri n gs of spri n kl e rs to open i s no t necessary when 
using the K-16.8 technology. 

I n sh or t, th e K- .1 6 . 8 p roved h i gh 1 y ef f e c ti ve wh e n s ti b j e c ted 
to h i gh i n i ti a] o pe rati n g p ress u res . 

A. 12.2. 1.2 Appropriate area/density, other design criteria, 
and water supply requirements should be based on scientifi- 
cally based engineering analyses that can include submitted 
lire testing, calculations, or results from appropriate computa- 
tional models. 

Recommended water supplies anticipate successful sprin- 
kler operation. Because of the small but still significant num- 
ber of uncontrolled fires in sprinklered properties, which 
have various causes, there should be an adequate water supply 
available for fire department use. 

A. 1 2. 2 . 2 . 1 Th e foil owi ng proced u re sh o u Id be fol 1 owed i t i de- 
term in in g the proper density and area as specified in Chapter 12: 

(1) Determine the commodity class. 

(2) Select the density and area of application. 

( 3 ) Ad j us t th e req u ired d e n si ty fo r s to rage h e igh t. 

(4) increase the operating area by 30 percent where a dry 
pipe system is used. 
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Table A.12.1. 13(c) Paper Product Testing Results 



Test Date 



3/25/98 



3/18/98" 



4/4/98 



6/4/98 b 



Sprinklers 

Temperature 

Storage Type 

Storage Height 

Ceiling Height 

Sprinkler Flow Pressure 

Number of Operated Sprinklers 

Peak Gas Temperature 

Peak Steel Temperature 

Fire Spread Across Aisle (30 in.) 



K-8 


K-8 


K-ll 


K- 17-231 


286°F 


286°F 


165°F 


155°F 


4 tier pyramid 


5 tier pyramid 


4 tier pyramid 


5 tier pyramid 


16 ft 


22 ft 


16 ft 


22 ft 


30 ft 


31 ft 


30 ft 


31 ft 


22.6 psi 


175 psi 


11.9 psi 


130 psi 


15 


2 


10 


2 


— 


868°F 


— 


424°F 


— 


421 °F 


— 


113°F 


N/A 


Yes 


N/A 


No 



"This test was run w i 1 1 i a fi re b r i gad e i e s p o n s e o I 2 : m i n u tes . 
b T h i s tes t was run w i ill a fi re bri gad e re s p o n se of 7 : m i 1 1 u tes . 



Pressure 
(psi) 



-Available pressure with one K-8 sprinkler activated 

- Available pressure with one K-1 7-231 sprinkler activated 




Flow (gpm) 

FIGURE A. 1 2. 1 . 1 3 Available Pressure Comparison. 



(5) Satisfy the minimum densities and areas. 
Example: 

Storage — greeting cards in boxes in cartons on pallets 
Height — 22 ft (6.7 m) 
Clearance — 6 ft (1.8 m) 
Sprinklers — ordinary temperature 
System type — dry 

(a) Classification — Class 111 

(b) Selection of density/area — 0.225 gpm/ft 2 
(9.2 mm/min) over 3000 ft 2 (279 m 2 ) 

(c) Adjustment for height of storage — 1.15 x 0.225 
gpm/ft H - 0.259 gpm /ft 2 (10.553 mm/min), 
rounded up to 0.26 gpm/fr (10.6 mm/min) 

(cl) Adjustment of area of operation for dry system — 

1.3 x 3000 ft 2 - 3900 ft 2 (363 m 2 ) 
( e ) Co n fi rm ati o n th at m i n i m u m d e n si ties an d a re as h ave 
been achieved 
The minimum design density for a diy sprinkler system is 
0.15 gpm /ft 2 over 2600 ft 2 (6.1 mm/min over 242 m 2 ) for 
Class III. 

The co r res po n ding m i n i m u m de n si ty at 3 000 ft 2 (279m' 2 ) 
is 0.17 gpm/ft 2 (6.9 mm/min) (satisfied); 1.3 x 3000 ft 2 - 
3900 fr (363 m 2 ), 0.17 gpm/ft 2 (6.9 mm/min) over 3900 ft 2 
(363 m 2 ). 



The design density and area of application equals 
0.26 gpm/fr over 3900 ft 2 (10.6 mm/min over 363 m 2 ). 

A. 12. 2. 2. 1.1 (3) Full-scale tests show no appreciable differ- 
ence in the number of sprinklers that open for either nonen- 
capsu la ted o r e n capsu la ted p ro d u c Is u p to 1 5 ft (4.6 m ) high. 
Test data is not available for encapsulated products stored 
higher than 15 ft (4.6 rn). However, in rack storage tests involv- 
ing encapsulated storage 20 ft (6.1 m) high, increased protec- 
tion was needed over that for no n encapsulated storage. 

The protection specified contemplates a maximum of 10-ft 
( 3-m ) c 1 e a ra n c es f r o m top o f s t o r a ge to s pi i n k 1 e r d ell e c t o r s 
for storage heights of 15 ft (4.6 m) and higher. 

A. 1 2.2.3 . 1 Th e d e nsi ti es an d area of a p p 1 i ratio n h ave bee n 
developed from fire test data. Most of these tests were con- 
ducted with K-8 orifice sprinklers and 80-fr or 100-ft 2 
(7.4-m 2 or 9. 3-m 2 ) sprinkler spacing. These and other tests have 
i n dicated th at, wi th de n si ties of . 4 gp in / ft 2 ( 1 6 .3mm / m i n ) and 
higher, better results are obtained with K-8 orifice and 70-ft 2 to 
100-ft 2 (7.4-m" to 9. 3-m 2 ) sprinkler spacing than where using 
K-5.6 orifice sprinklers at 504r (4.6-m 2 ) spacing. A discharge 
pressure of 100 psi (6.9 bar) was used as a starting point on one of 
the lire tests. It was successful, but has a WAx (0.5-m) clearance 
between the top of storage and ceiling sprinklers. A clearance of 
10 ft (3 m) could have produced a different result due to the 
te n d e n cy o f th e higher p r e s s u r e to a to m i z e the wa te r a i ^ d 
the greater distance that the fine water droplets had to 
travel to th e bu rn i ng fu e 1 . 

Tab! e A. 1 2 . 2 . 3 . 1 exp I a i n s a n d provi d e s an exam pie o f th e 
method and procedure to follow in using this standard to de- 
termine proper protection for Group A plastics. 



Table A. 12.2.3.1 Metric Conversion Factors for Examples 



To Convert from 


to 


Multiply by 


feet (ft) 


meters (m) 


0.3048 


square feet (ft 2 ) 


square meters (m 2 ) 


0.0929 


gallons/minute (gpm) 


liters/ second 
(L/sec) 


0.0631 


gal Ions per m i n u te 


millimeters per 


40.746 


per square foot 


minute (same as 




(gpm/ft 2 ) 


liters per minute 
per square meter) 
(mm/min) 
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Example I. Storage is expanded, cartoned, stable, 15 ft 
(4.6 in) high in a 20-ft (6.1-m) building. 

Answer I, Column E — design density is 0.45 gpm/ft 2 
(18.3 mm/min). 

Example 2, S torage i s n o ne x pan d ed , u ns table , 1 5 ft (4.6m) 
h i gh i n a 2 0-ft (6.1-m) b u i 1 d i n g . 

Answer 2, Column A — design density is listed as 0.25 gpm/fr 
(10.2 mm/min); however, it is also possible that the storage can 
be 12 ft (3.66 m) in this 20-ft (6.1-m) building, which would re- 
q u i re a d es i gn d en si ty o.f 0.3 (12.2 mm / m in ) . U n less th e owner 
can guarantee that the storage will always be 15 ft (4.6 m), the 
design density = 0.3 gpm/ft 2 ( 1 2.2 mm/min) . 

Example 3. Storage is a no n expanded, stable 15-ft (4.6-m) 
fixed-height unit load, one high, in an 1 8-1 1 (5.5-m) building. 

Ansxoer 3. Column A — design density is 0.25 gpm/fr 
(10.2 mm/min). Note that this design density does not increase 
to 0.3 gpm/fr (12.2 mm/min) as in the previous example be- 
cause of the use of a fixed-height unit load. The storage height 
will never be 12 ft (3.66 in). It will always be 15 ft (4.6 m). 

Example 4, Storage is expanded, exposed, unstable, 20 ft 
(6.1 m) high in a 2741 (8.2-m) building. 

Answer 4. Column C — design density is 0.7 gpm/ft 2 
(28.5 mm/min). Note that other lower storage heights should 
also be checked, but they reveal the same, or lower, densities 
[0.7 gpm/fr' and 0.6 gpm/fr (28.5 mm/min and 24.5 mm/ 
nrin)], so the design density remains at 0.7 gpm/ft 2 
(28.5 mm/min). 

Example 5. Storage is expanded, cartoned, unstable, 17 ft 
(5.2 m) high in 32-ft (9.75-m) building. 

Answer 5. Column D — 15-ft (4.6 m) storage in a 32-ft 
(9.75-m) building would be 0.55 gpm/ft" (22.4 mm/min); 
20-ft (6.1-m) storage in a 32-ft (9/75-m) building would be 
0.7 gpm/ft" (28.5 mm/min). Interpolation for 17-ft (5.2-m) 
storage is as follows: 

0.7-0.55 = 0.15 
0.15 



■ - 0.03 



(20-15) 
0.03 x (17 -15) = 0.06 

0.55 + 0.06 = 0.61 

Design density = 0.61 gpm/fr (24.9 mm/min) 
Example 6. Storage is expanded, exposed, stable, 22 ft 
(6.71 m) high in a 23!/;-!! (7.16-m) building. 

Answer 6. Column B — could interpolate between 0.6 gpm/ 
ft 2 a n d 0.75 gp m /ft 2 (24.5m m / m i n an d 30 . 6 m m / m i n ) ; h ow- 
ever, this would be a moot point since the density for 15-ft 
(4.6-m) storage in this 23!/;-ft (7.16-m) building would be 0.8 
gpm/ft 2 (32.6 mm/min). Unless the owner can guarantee 
22-ft (6.7l-m) storage, the design density is 0.8 gpm/ft 2 
(32.6 mm/min). If the owner can, in a manner acceptable to 
the authority having jurisdiction, guarantee 22-ft (6.71-m) 
storage, the interpolation would yield a design density of 
0.66 gpm/ft (26.9 mm/min). 



Example 7. Storage is n on expanded, stable, exposed, 13'/2 ft 
(4.1 m) high in a 15-ft (4.6-m) building. 

Ansxoer 7. Column E — 12-ft (3.66-m) storage in a 15-ft 
(4.6-m) building would be extra hazard, Group 2 [0.4 gpm/ft 2 
over 2500 ft 2 (16.3 mm/min over 230 m 2 )]. 

Storage 15 ft (4.6 m) high in a 15-ft (4.6-m) building would 
be 0.45 gpm/ft 2 (18.3 mm/min). Interpolation for 1 3 '/2-f t 
(4.1-m) storage is as follows: 

0.45-0.4 = 0.05 
0.05 



■ = 0.017 



(15-12) 

0.017 x (13.5 -12) = 0.026 

0.4 + 0.026 = 0.426 

D esign d e ns ity — 0.426 gpm /ft 2 (17.4 m m / m i n ) 

A. 12. 2. 3. 1.1 Two direct comparisons between ordinary 
temperature- and high temperature-rated sprinklers are pos- 
sible, as follows: 

(1) With nonexpanded polyethylene 1-gal (3.8-L) bottles in 
corrugated cartons, a 3-ft (0.9-m) clearance, and the same 
density, approximately the same number of sprinklers op- 
erated (nine at high temperature versus seven at ordinary 
temperature). 

(2) With exposed, expanded polystyrene meat trays, a 9.5-ft 
(1.9-m) clearance, and the same density, three times as 
many ordinary temperature-rated sprinklers operated as 
did high temperature-rated sprinklers (1.1. at high tem- 
perature versus 33 at ordinary tempera Lure). 

The cartoned plastics requirements of this standard are 
based to a great extent on test work that used a specific corn- 
mod i ty — 1 6-oz ( . 47 3-L ) po lys tyre n e pi as ti c j a rs i n d ivi d u al ly 
separated by thin carton stock within a large corrugated car- 
ton [3'/>ft 2 (0.32 m 2 )]. [SeeFigwnA.l2.23J. 1(a).] " 



Exposed 
plastics 




FIGUREA.12.2.3.1.1(a) Corrugated Carton Containing Indi- 
vidually Separated Plastic Jars. 
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Small pieces 
of plastic in 
small cartons 




FIGURE A.12.2.3.1. 1(b) Corrugated Carton Containing Plas- 
tic Pieces Individually Separated by Carton Material. 



Other Group A plastic commodities can be arranged in 
cartons so that they are separated by multiple thicknesses of 
carton material. In such arrangements, less plastic becomes 
involved in the fire at any one time. This could result in a less 
vigorous fire that can be controlled by Class IV commodity 
protection. 

Other situations exist in which the plastics component is 
surrounded by several layers of less hazardous material and is 
therefore temporarily protected or insulated from a fire in- 
volving adjacent plastic products. Such conditions also could 
produce a less vigorous fire and be successfully handled by 
Class IV protection. [See Figure A.12.2.3 J. 1(b).] 

The decision to protect as a Class IV commodity, however, 
should be made only based on experienced judgment and 
only with an understanding of the consequences of underpro- 
tecting the storage segment. 

A.12.2.3. 1.2 There are few storage facilities in which the com- 
modity mix or storage arrangement remains constant, and a 
designer should be aware that the introduction of different 
materials can change protection requirements considerably. 
Design should be based on higher densities and areas of appli- 
cation, and the various reductions allowed should be applied 
cautiously. For evaluation of existing situations, however, the 
allowances can be quite helpful. 

A.12.2.3. 1.5 An evaluation for each field situation should be 
made to determine the worst applicable height-clearance rela- 
tionship that can be expected to appear in a particular case. 
Fire tests have shown that considerably greater demands occur 
where clearance is 10 ft (3.1 m) as compared to 3 ft (0.9 m) 
and where a pile is stable as compared to an unstable pile. 
Since a system is designed for a particular clearance, the sys- 
tem could be inadequate when significant areas do not have 
piling to the design height and larger clearances exist between 
stock and sprinklers. This can also be true where the packag- 
ing or arrangement is changed so that stable piling is created 
where unstable piling existed. Recognition of these conditions 
is essential to avoid installation of protection that is inad- 
equate or becomes inadequate because of changes. 

No tests were conducted simulating a peaked roof configu- 
ration. However, it is expected that the principles of Chapter 
12 still apply. The worst applicable height-clearance relation- 
ship that can be expected to occur should be found, and pro- 
tection should be designed for it. If storage is all at the same 
height, the worst height-clearance relationship creating the 



greatest water demand would occur under the peak. If com- 
modities are stored higher under the peak, the various height- 
clearance relationships should be tried and the one creating 
the greatest water demand used for designing protection. 

A.12.2.3. 1.6 Test data is not available for all combinations of 
commodities, storage heights, and clearances. Some of the 
protection criteria in this standard are based on extrapola- 
tions of test data for other commodities and storage configu- 
rations, as well as available loss data. 

For example, there is vety limited test data for storage of 
expanded plastics higher than 20 ft (6.1 m). The protection 
criteria in this standard for expanded plastics higher than 20 ft 
(6.1 m) are extrapolated from test data for expanded plastics 
storage 20 ft (6.1 m) and less in height and test data for tin ex- 
panded plastics above 20 ft (6.1 m). 

Further examples can be found in the protection criteria 
for clearances up to 15 ft (4.6 m) . Test data is limited for clear- 
ances greater than 10 ft (3.1 in). It should be assumed that, if 
protection is adequate for a given storage height in a building 
of a given height, the same protection will protect storage of 
any lesser height in the same building. For example, protec- 
tion adequate for 20-ft (6.1-m) storage in a 30-ft (9.1-m) build- 
ing [10-ft (3.1-m) clearance] would also protect 15-ft (4.6-m) 
s to rage i n a 30-ft (9.1 -m ) build i n g [ 1 5-f t ( 4. 6-m ) c 1 eara nee]. 
Therefore, the protection criteria in Table 12.2.3. 1. 6 for 15-ft 
( 4. 6-m ) clearan ce are based o n th e p ro tec ti one r i te r i a fo r s to r- 
age 5 ft (1.5 m) higher than the indicated height with 10-ft 
(3.1-m) clearance. 

Table 12. 2. 3. 1.6 is based on tests that were conducted pri- 
marily with high temperature-rated, K-8 orifice sprinklers. 
Other tests have demonstrated that, where sprinklers are used 
with orifices greater than K-8, ordinary-temperature sprinklers 
are acceptable. 

A.12.3.1.2 The fire protection system design should consider 
the maximum storage height. For new sprinkler installations, 
maximum storage height is the usable height at which com- 
modities can be stored above the floor while the minimum 
required unobstructed space below sprinklers is maintained. 
Where evaluating existing situations, maximum storage 
height is the maximum existing storage height if space be- 
tween the sprinklers and storage is equal to or greater than 
that required. 

A. 12. 3. 1.2. 2 Information for the protection of Classes I, II, 
III, and IV commodities was extrapolated from full-scale fire 
tests that were performed at different times than the tests that 
were used to develop the protection for plastic commodities. 
It is possible that, by selecting certain points from the tables 
(and after applying the appropriate modifications), the pro- 
tection specified by 12.3.2.4.1 exceeds the requirements of 
12.3.3. In such situations, the protection specified for plastics, 
although less than that required by the tables, can adequately 
protect Classes I, II, III, and IV commodities. 

This section also allows storage areas that are designed to 
protect plastics to store Classes I, II, III, and IV commodities 
without a re-evaluation of fire protection systems. 

A. 12. 3. 1.8.1 Detection systems, concentrate pumps, genera- 
tors, and other system components that are essential to the 
operation of the system should have an approved standby 
power source. 

A.12.3.1.12 Where the ceiling is more than 10 ft (3.1 m) 
above the maximum height of storage, a horizontal barrier 
should be installed above storage with one line of sprinklers 
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under the barrier for Classes I, II, and III commodities and 
two lines of sprinklers under the barrier for Class IV commodi- 
ties. J n -rack sprinkler arrays should be installed as indicated in 
Table 12.3.4.1.1 and Figure 12.3.4.4.1.1(a) through Figure 
12.3.4.4. .1.1 (j). 

Barriers should be of sufficient strength to avoid sagging 
1. 1 1 a t i n te r f e re s vv i t h I o a d i n g a n d u n 1 o ad i i i g o p e r a ti o n s . 

Horizontal barriers are not required to be provided above a 
Class I or Class II commodity with in-rack sprinkler arrays in ac- 
cordance with Figure !2.3.4AU(a) and Figure 12.3.4.4.1.1(b) 
provided one line of in-rack sprinklers is instilled above the top 
tier of storage. 

A. 12.3.2.1. 1.1 B u 1 k h e ads a re n ot a s u bs ti tu te f o r spr i n kl e rs i n 

t a c k s . T heir i n s (a 1 1 a t i o n d o e s n o t jus t i f y reduction i n s p r i n k I e r 
densities or design operating areas as specified in the design 
curves. 

A. 1.2. 3. 2. 1.2 Data indicates that the sprinkler protection 
c ri te r i a i n Fi g u re 1 2.3.2.1.2(a) t h r o u g h Fi g u r e 1 2 . 3 . 2 . 1 . 2 ( g ) 
is ineffective, by itself, for rack storage with solid shelves, if 
t h e r e cj li i r e d Hue s p a . c e s a r e n o t m a i n ta r n e d . Use o f Figure 
12.3.2.1.2(a) through Figure 12.3.2.1.2(g) along with 1 " the 
additional provisions that are required by this standard, can 
p r o v i d e a c ce p ta b 3 e p r o te c t i o n . 

A. 12.3.2.1. 2.1 T 1 1 e a isle wi d th an d th e depth of racks are d e- 
te rm i n ed by m a te ri a 1-1 i a n d 1 i n g m e th od s . Th e wi d ths of aisles 
s 1 1 o u 1 d be co n s i d e red i n th e d es ign of th e pro te c ti on sys te in . 
Storage in aisles can render protection ineffective and should 
be discouraged. 

A. 1 2 . 3 . 2 . 1 . 6 A p p ro p ri a te a re a / d e n s i ty, o th e r design cri te ri a, 
and water supply requirements should be based on scientifi- 
cally based engineering analyses that can include submitted 
lire testing, calculations, or results from appropriate computa- 
tional models. 

R e c o m m e n d e d vv a te r s u p p lies a n ti c i p a te success f u 1 sprin- 
kler o p e ra ti o 1 i . B ec a use o f th e s m all but still si gn ifi can t n u m- 
ber of uncontrolled (ires in sprinkle red properties, which 
h ave va r i o 1 1 s ca uses, th e re s h ou Id b e an ad e q u a te wa te r suppl y 
available for fire department use. 

A. 1 2 . 3 . 2 . 3 ESFR s p ri n kl e rs a re d e s i gned to res po n d q ui c kly 

to growing fires and deliver heavy discharge to suppress fires 
rather than to control them. ESFR sprinklers should not be 
relied on to provide suppression if they are used outside the 
design parameters. 

While these sprinklers are intended primarily for use in 
h i gl i -p i 1 e s to rage s i tu a ti on s , t h i s sec ti o n pe rm i ts th e i r 1 1 se and 
ex te n s ion i n to a d j ace n t po r ti o n s of an o cc u pan cy th at m igh t 
have a lesser classification. 

Storage in single-story or multistory buildings can be per- 
mitted, provided the maximum ceiling/roof height as speci- 
fied in Chapter 12 is satisfied for each storage area. 

D es i g n pa ra i n e te is we re d e te rm i n e cl fro m a se ri.es of f ul 1- 
sca 1 e fi re les ts th at we re c: o n d ti c ted as a j o i n t effo r t be tween 
Factory Mutual Research Corporation and the National Fire 
Protection Research Foundation. (Copies of the test reports 
are available from the NFPRF.) 

A. 1 2 . 3 . 2 .4. 2 . 1 Spacing of s p ri n klers on bran c h 1 i n e s in rac ks 
in the various tests demonstrates that maximum spacing as 
specified is proper. 

A. 1 2 . 3 . 2.4 . 2 . 2 I n-rac k s p ri n k 1 e rs at o ne le ve 1 o n 1 y f o r s torage 
u p to a ml inclu d i n g 2 5 ft (7.6m) i n m u 1 ti pi e-row racks s h ould 



be located at the tier level nearest one-half to two-thirds of the 
storage height. 

A. 12. 3.2.4. 2.3 Where possible, it is recommended that in- 
rack sprinkler deflectors be located at least 6 in. (152.4 mm) 
above pallet loads. 

A. 12.3.2.4. 2.4 Where possible, it is recommended that in- 
rack sprinklers be located away from rack uprights. 

A. 12. 3. 2. 5. 1.1 Slatting of decks or walkways or the use of 
open grating as a substitute for automatic sprinkler thereun- 
der is not acceptable. 

I n ad d i ti o n , wh e re s h e 1 vi n g o f a n y type i s e m p 1 oyed , i t i s for 
the basic purpose of providing an intermediate support be- 
tween the structural members of the rack. As a result, it be- 
comes almost impossible to define and maintain transverse 
flue spaces across the rack as required. 

A. 12.3.2.5.2.2 Where high-expansion foam is contemplated 
as th e p ro tccti on m ed ia , c o n side ra ti on s h o u 1 d be gi ve n to pos- 
sible damage to the commodity from soaking and corrosion. 
Consideration also should be given to the problems associated 
with the removal of the foam after discharge. 

A. 12. 3. 3. 1.2 All rack fire tests of plastics were run with an 
approximate 10-ft (3.1-m) maximum clearance between the 
top of the storage and the ceiling sprinklers. Within 30-ft 
(9.1-m) high buildings, greater clearances above storage con- 
figurations should be compensated for by the addition of 
more in-rack sprinklers or the provision of greater areas of 
application, or both. 

A. 12. 3. 3. 1.11 Appropriate area/ density, other design crite- 
ria, and water supply requirements should be based on scien- 
tifically based engineering analyses that can include submitted 
fire testing, calculations, or results from appropriate computa- 
tional models. 

Re c o in me n cl e d wa te r supplies a n ti c i pa te s u cc e s s f u I sprin- 
kler ope ratio n . Because o f th e s m al 1 bu t still s i gn i f i can t n u m- 
ber of uncontrolled fires in sprinkle red properties, which 
have various causes, there should be an adequate water supply 
available for fire department use. 

A. 12.3.3.3 ESFR sprinklers are designed to respond quickly 
to growing fires and deliver heavy discharge to suppress fires 
rather than to control them. ESFR sprinklers should not be 
relied on to provide suppression if they are used outside the 
design parameters. 

While these sprinklers are intended primarily for use in 
high-pile storage situations, this section permits their use and 
extension into adjacent portions of an occupancy that might 
have a lesser classification. 

Storage in single-story or multistory buildings can be per- 
mitted, provided the maximum ceiling/ roof height as speci- 
fied in Chapter 12 is satisfied for each storage area. 

Design parameters were determined from a series of full- 
scale fire tests that were conducted as a joint effort between 
Factory Mutual Research Corporation and the National Fire 
Protection Research Foundation. (Copies of the test reports 
are available from the NFPRF.) 

A. 12. 3. 3. 5. 1.1 Slatting of decks or walkways or the use of 
open grating as a substitute for automatic sprinkler thereun- 
der is not acceptable. 

In addition, where shelving of any type is employed, it is for 
the basic purpose of providing an intermediate support be- 
tween the structural members of the rack. As a result, it be- 
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comes almost impossible to define and maintain transverse 
flue spaces across the rack as required. 

A.12. 3.4.1.1 Water demand for storage height over 25 ft (7.6 m) 
on racks without solid shelves separated by aisles at least 4 ft 
(1.2 m) wide and with more than 10 it (3.1 in) between the top of 
storage and the sprinklers should be based on sprinklers in a 
2000-ft" (186-ur) operating area for double-row racks and a 
3000-1: r (278.7-m~) operating area for multiple-row racks dis- 
charging a minimum of 0. 18 gpm/fr (7.33 mm/min) for Class 1 
co m m od i ti es , . 2 1 gpm / fr ( 8 . 56 mm / m i n ) fo r Classes 1 1 a n d I II 
commodities, and 0.25 gpm /ft" (10.2 mm/min) for Class IV 
commodities lor o rd i n a i y te in p e r a 1 1 i re— ra te d s p r i n kl e i s o i * a 
i ri i ni m u m o 10. 2 5 gp m / 1 ir (.1.0.2 mm/min) ( o r Cla ss I c o m mod i- 
ties, 0.28 gpm/fr (1 1.41 mm/min) for Classes II and III com- 
m od i ties , an cl . 32 gpm / ft" (13. 04 m m / m i n ) fo r Class IV co m- 
mod i ties fo r h i gh te rn pe ra tu re-rated sp ri n k 1 e is. ( See A . 1 2. 3. 1.12 
andA.J2.3AAJ. 3.) 

Wh e re such s to rage i s e n caps u 1 a ted , ce i 1 i n g s p r i n kl e r d e n- 
sity should be 25 percent greater than for nonencapsulated 
storage. 

Data indicate that the sprinkler protection criteria in 
12.3.4.1.1 is ineffective, by itself for rack storage with solid 
s h e 1 ves , i f th e req ti i re d 1 1 u e s pa ces a re n o t m ai n tai n e d . Use of 
1 2 . 3 .4.1.1, a 1 o n g wi th the ad d i ti o n al p i o v i s i o n s th a t a re re- 
q u i red by th is sta n da id , ca n p rovi d e acce ptabl e p ro tec ti o n . 

A. 12.3.4.3 ESFR sprinklers are designed to respond quickly 
to growing fires and deliver heavy discharge to suppress fires 
rather than to control them. ESFR sprinklers should not he- 
re 1 i ed o n to p rovi d e s u p p i ess i o n i f the}' are use cl oil ts i cl e the 
design parameters. 

While these sprinklers are intended primarily for use in 
1 1 i gh-p i le s to ra ge s i t u a ti o n s , th i s se c ti o n pe nn i ts t h e i r 1 1 se a n d 
e x te n.s i o n in to a cl j a c; e n t p o r t i o n s o f an o c c i i p a n c y that might 
have a lesser classification. 

Storage in single-story or multistory buildings can be per- 
mitted, provided the maximum ceiling/ roof height, as speci- 
fi e d i n C 1 i a p te r 12 i s sa ti s fi ed to i ' eac h s to rage a rea. 

Design parameters were determined from a series of full- 
scale lire tests that were conducted as a joint effort between 
Factory Mutual Research Corporation and the National Fire 
Protection Research Foundation. (Copies of the test reports 
are available from the NFPRF.) 

A.12.3.4.4.1.1 Where storage tiers are not the same size on 
each side of the longitudinal fine, one side of the fine should 
be protected with sprinklers at the proper elevation above the 
load. The next level of sprinklers should protect the other side 
of the flue with the sprinklers at the proper elevation above 
that load as indicated in Figure A.12.3.4.4.1.1. The vertical 
s pac i n g re q u i re m e n ts fo r i n-rac k s p ri n k 1 e rs s p eci fi e d i n Table 
12.3.4.1.1 and 12.3.3 for plastics should be followed. 

A. 12.3.4.4.1.2 In single-row racks with more than 10 ft 
(3.1 m ) be t .we e n th e to p o f s to rage a n d th e ce i 1 i n g, a h o ri zo n- 
tal barrier- should be installed above storage with one line of 
sprinklers under the barrier. 

A. 12. 3. 4. 4. 1.3 In multiple-row racks with more than 10 ft 
( 3 . 1 in ) b e tw e e n th em ax i m u m h e i g h t of s to rage a i \ d c e i 1 i n g , a 
horizontal barrier should be installed above storage with a 
level o f s p ri n k 1 e rs , s p aced as s ti pu 1 a ted fo r i n - rac k s p ri n kl e rs , 
installed directly beneath the barrier. In -rack sprinklers 
should be installed as indicated in Figure 12.3.4.4.1.3(a) 
through Figure 12.3.4.4.1.3(c). 



□ 

a 



Elevation View 

FIGURE A.12.3.4.4.1.1 Placement of In-Rack Sprinkler 
Where Rack Levels Have Varying Heights. 



Data indicate that the sprinkler protection criteria in 
12.3.4.4.1.3 is ineffective, by itself, for rack storage with solid 
shelves, i f th e re q u ire d 11 u e s p a c: e s a re i t o t in a i n ta i n e cl . Use o f 
Tab! e 12.3.4.1.3, a 1 o i i g with th e a cl cl i ti o n al p ro v i s i o n s th a t are 
required by this standard, can provide acceptable protection. 

A. 12.3.5.3 ESFR sprinklers are designed to respond quickly 
to growing fires and deliver heavy discharge to suppress fires 
rather than to control them. ESFR sprinklers should not be 
re lied o n to p ro v i d e s u p p re ss i o n i f t h ey a i e use, cl o 1 1 ts i d e th e 
d es i g n para m e te rs . 

While these sprinklers are intended primarily for use in 
1 1 i gh-p ile s to rage s i tu a ti o n s , th i s se c l i o n p e vn i i ts th e i r u se a 1 1 cl 
ex te nsio n i n to adjacent po rti o n s o I an occ u pa n cy tl i a I i n i gh t 
have a lesser classification. 

Storage in single-story or multistory buildings can be per- 
m i tied , p rovi deel th e m axi m u m ce i I i n g / too f h e i gh t as s pec i- 
fied in Chapter 1 2 is satisfied for each storage area. 

Design parameters were determined from a series of full- 
scale fhe tests that were conducted as a joint effort between 
Factory Mutual Research Corporation and the National Fire 
P ro tec ti o n Rese a re 1 1 Fori n da ti o n . ( C< > pies o f th e tes t. re po i ts 
are available from the NFPRF) 

A.12.3.5.4.1.3 Figure (a) — The protection area per sprinkler 
under barriers should be no greater than 80 ft 2 (7.44 m~). 

Figure (b) — The p ro te c ti o n a rea p e r s p r i n k 1 e i u n d e r ba r r i - 
ers should be no greater than 80 ft" (7.44 m L> ). 

Figure (c) — The pro te c ti o n a re a per sprinkler u n d e r b a r- 
r i e rs s h o ti 1 cl b e n o g r e a t e r th an 50 1 1 ~ (4.65 m ~ ) . 

Figure (d) — T h e p ro te c ti o n a re a p e r s pi i n k 1 e run cl e r bar r i- 
e rs shou 1 d be n o grea te r th a i i 5 ( r ( 4 . 6 5 in 2 ). 

Figure (e) — Th e p ro te c ti o n a rea p e r s p i - i n k 1 e r under ba r- 
riers should be no greater than 50 (r (4.65 m~). 

Figure (J) — The p r o te c t i o 1 1 a re a p e r s p r i n k 1 e run d e r b a it i - 
ers should be no greater than 50 ix 2 (4.65 nr). 

A. 12.4.2 The protection criteria in Table 12.4.2(a) through 
Table 12.4.2(d) have been developed from lire test data. Pro- 
tection requirements for other storage methods are beyond 
the scope of this standard at the present, time. From lire test- 
i n g w i th d e n s i ti es of . 45 gp in / ft 2 ( 1 8 . 3 m n i / m i n ) a n d h i gh e r, 
there have been indications that large-orifice sprinklers at 
greater than 50- ft™ (4.6-nr) spacing produce better results 
th a n th e VA n . (12. 7-m m ) o ri ( i ce spi inkl e rs at 5 0-1 r ( 4 . 6- m 2 ) 
spacing. 

Table 12.4.2(a) and Table 12.4.2(c) are based on operation 
of standard sprinklers. Use of quick- response or other special 
sprinkle rs sh on 1 d be base d o n ap p ro p ri a te tes ts as a p p rove d by 
th e au th o ri ty h avi n g j u ri sd i c ti o n . 
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The current changes to Table 12.4.2(a) through Table 
12.4.2(d) represent test results from rubber tire fire tests per- 
formed at the Factory Mutual Research Center. 

Storage heights and configurations, or both, [e.g., auto- 
mated material-handling systems above 30 ft (9.1 m)] beyond 
those indicated in the table have not had sufficient test data 
developed to establish recommended criteria. Detailed engi- 
neering reviews of the protection should be conducted and 
approved by the authority having jurisdiction. 

A. 12.6 This section provides a summary of the data devel- 
oped from the tissue test series of full-scale roll paper tests 
conducted at the Factory Mutual Research Center in West 
Glocester, Rl. 

The test building is approximately 200 ft x 250 ft [50,000 ft 2 
(4.65 km")] in area, of fire-resistive construction, and has a 
volume of approximately 2.25 million ft 3 (63,720 m 3 ), the 
equivalent of a 100,000-ft 2 (9.29-km 2 ) building 22.5 ft 
(6.86 m) high. The test building has two primary heights be- 
neath a single large ceiling. The east section is 30 ft (9.1 m) 
high and the west section is 60 ft (18.29 m) high. 

The tissue test series was conducted in the 30-ft (9.1-m) 
section, with clearances from the top of storage to the ceiling 
nominally 10 ft (3.1 m). 

Figure A. 12.6 illustrates a typical storage array used in the 
tissue series of tests. 

The basic criteria used in judging test failure included one 
or more of the following: 

(.1) Firespread to the north end of the storage array 

(2) Gas temperatures near the ceiling maintained at high lev- 
els for a time judged to be sufficient to endanger exposed 
structural steel 

(3) Fire reaching the target stacks 

Table A.12.6 outlines the tissue test results. 

Fire tests have been conducted on 20-ft (6.1-m) and 25-ft 
(7.6-m) high vertical storage of tissue with 10-ft (3.1-m) and 
5-ft (1.5-m) clear space to the ceiling in piles extending up to 
seven columns in one direction and six columns in the other 
direction. In these tests, target columns of tissue were located 
directly across an 8-ft (2.4-m) aisle from the main pile. Three 
tests were conducted using '%2-in. (13.5-mm) 286°F (HFC) 
high-temperature sprinklers on a 100-ft a (9.3-m 2 ) spacing and 
at constant pressures of 14 psi, 60 psi, and 95 psi (1 bar, 
4.1 bar, and 6.6 bar), respectively. One test was run using 0.64- 
i n . ( 1 6 . 3-m m ) 2 8 6 °F (HFC) h i gh-te mp e ratu re spri n kl e is on 
a 100-fr (9.3-nr) spacing at a constant pressure of 50 psi 
(3.5 bar). Two tests were conducted following a scheduled de- 
cay from an initial pressure of 138 psi (9.5 bar) to a design 
point of 59 psi (4.1 bar) if 40 sprinklers opened. The signifi- 
cant characteristic of these fire tests was the rapid initial fire- 
spread across the surface of the rolls. Ceiling temperatures 
were controlled during the decaying pressure tests and during 
the higher constant pressure tests. With the exception of the 
20-ft (6.1-m) high decaying pressure test, the extent of f ire- 
spread within the pile could not be clearly established. Aisle 
jump was experienced, except at the 95-psi (6.6-bar) constant 
pressure, 20-ft (6.1-m) high decaying pressure, and large drop 
test. Water absorption and pile instability caused pile collapse 
in all tests. This characteristic should be considered where 
manually attacking a fire in tissue storage occupancies. 

Available fire experience in roll tisstie storage occupancies 
does not correlate well with the constant pressure full-scale 
fire tests with respect to the number of sprinklers operating 



and the extent of firespread. Better correlation is noted with 
the decaying pressure tests. Thirteen fires reported in storage 
occupancies with storage piles ranging from 10 ft to 20 ft 
(3.1 m to 6.1 m) high and protected by wet pipe sprinkler 
systems ranging from ordinary hazard design densities to de- 
sign densities of 0.6 gpm/fr (24.5 mm/min) were controlled 
with an average of 17 sprinklers. The maximum number of wet 
pipe sprinklers that opened was 45 and the minimum number 
was Fiwg, versus 88 and 26, respectively, in the constant pres- 
sure tests. Seventeen sprinklers opened in the 20-ft (6.1-m) 
high decaying pressure test. One actual fire in tissue storage 
provided with a dry pipe system opened 143 sprinklers but was 
reported as controlled. 

One fire test was conducted with plastic-wrapped rolls of 
heavyweight kraft paper. The on-end storage was in a stan- 
dard configuration, 20 ft (6.1 m) high with 9'/2-ft (2.9-m) 
clearance to ceiling sprinklers. The prescribed 0.3-gpm/ft 2 
(12.2-mm/min) density controlled the firespread, but pro- 
tection to roof steel was marginal to the point where light 
beams and joists might be expected to distort. A lower mois- 
ture content in the paper as a result of the protective plastic 
wrapping was considered to be the reason for the higher 
temperatures in this test as compared to a similar test where 
the rolls were not wrapped. 




6in.-H 
(152 mm 

16 in. 



(406.4 mm) ( 152mm ) (406.4 mm) 



oo 



< — Target stack 

* Ignition location 
at base of array 

O Tissue paper — 
approximately 20 ft (6 m) high 

I Kraft linerboard — 
six rolls 20 ft (6 m) high 



FIGURE A. 1 2.6 Plan View of Typical Tissue Storage Array. 



A.12.6.2 Existing Systems. Sprinkler systems protecting exist- 
ing roll paper storage facilities should be evaluated in accor- 
dance with Table A. 12.6.2 (a) and Table A. 12.6.2(b). While fire 
can be controlled by the protection shown in Table 
A. 12.6.2 (a) and Table A. 12.6.2(b), greater damage can occur 
when the densities in Table A. 12. 6.2 (a) and Table A.12.6.2(b) 
are used rather than those specified in Table 12.6.2.1.3(a) and 
Table 12.6.2.1.3(b). 
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Table A. 12.6 Summary of Roll Paper Tissue Tests 









Test Number 






Test Specifications 


Bl a 


B2 


B3 


B4 


B5 b 


B6 b 


Test date 


10/4/79 


7/23/80 


7/30/80 


10/15/80 


7/28/82 


8/5/82 


Paper type 


Tissue 


Tissue 


Tissue 


Tissue 


Tissue 


Tissue 


Stac k h e i gh t [f t-i n . ( m ) ] 


21-10 (6.66) 


20-0 (6.1) 


21-8 (21.60) 


18-6 (6.64) 


19-10 (6.05) 


25-3 (7.69) 


Paper, banded 


No 


No 


No 


No 


No 


No 


Paper, wrapped 


No 


No 


No 


No 


No 


No 


Fuel array 


Standard 


Standard 


Standard 


Standard 


Standard 


Standard 


CI ea ra n ce to ceiling [ f t-i n . . ( in ) ] 


8-2 (2.49) 


10-0 (3.05) 


8-4 (2.54) 


11-6 (3.51) 


5-2 (1.58) 


4-9 (1.45) 


CI earance to s prin kl e rs [ Jl-i n . ( m ) ] 


7-7 (2.31) 


9-5 (2.87) 


7-9 (2.36) 


10-9 (3.28) 


4-7 (1.40) 


4-2 (1.27) 


Sprinkler orifice [in. (mm)] 


"%2 (13.5) 


"% 2 (13.5) 


'%2 (13.5) 


0.64 (16.33) 


'%a (13.5) 


"%2 (13.5) 


Sp ri n k 1 e r te m p e ratu re rati n g [ F ( ° C ) ] 


280 (138) 


280 (138) 


280 (138) 


280 (138) 


280 (138) 


280 (138) 


Sprinkler spacing [ft x ft (m x rn)] 


10 x 10 


10 x 10 


10 x 10 


10 x 10 


10 x 10 


10 x 10 




(3.05 x 3.05) 


(3.05 x 3.05) 


(3.05 x 3.05) 


(3.05 x 3.05) 


(3.05 x 3.05) 


(3.05 x 3.05) 


Water pressure [psi (bar)] 


14 (0.9) c 


60 (4.1) 


95 (6.6) 


50 (3.4) 


138 (9.5) 
initial 
102 (7.0) 
final 


138 (9.5) 

initial 

88 (6.1) final 


Moi s tu re c o n te n t of p ape r ( % ) 


9.3 


9.3 


10.2 


6.0 


8.2 


9.2 


First sprinkler operation (min:sec) 


0:43 


0:32 


0:38 


0:31 


0:28 


0:22 


Total sprinklers open 


88 


33 


26 


64 


17 


29 


Final flow [gpm (L/min)] 


2575 (9746) c 


1992 


1993 


4907 


1363 


2156 






(7540) 


(7544) 


(18,573) 


(5159) 


(8161) 


S pri n kl e r d e man d are a [ ft 2 ( m '~ ) ] 


8800 (817.5) 


3300 


2600 


6400 


1700 


2900 






(306.6) 


(241.5) 


(595) 


(158) 


(269) 


Average discharge density [gpm/ft 2 


0.29 (11.8) c 


0.60 (24.4) 


0.77 (31.4) 


— 


0.92 (37.5) 


0.96 (39.1) 


(mm/min)] 










initial 
0.80 (32.6) 
final 


initial 
0.74 (30.2) 
final 


Maximum 1-minute average gas 


1680 (916) c 


1463 (795) 


1634 (890) 


1519 (826) 


<i 


c 



temperature over ignition [°F (°C)] 
Duration of high temperature within 

acceptable limits 
Maximum 1-minute average fire 

plume gas velocity over ignition 

[ft/sec (m/sec)] 
Target ignited 
Ex te n t of fi re dam age 

within acceptable limits 
Test duration (min) 



No 



Yes 

No 

17.4 



Yes Yes Marginal Yes Yes 

40.7(12.4) 50.2(15.3) 47.8(14.6) — — 



Yes 

No 

20 



No No No 

Marginal Marginal Yes 



20 



25.5 



45 



Briefly 
Marginal 

45 



:| Phase 1 test. 

h Phase III tests decaying pressure. 

c Pressure increased to 50 psi (3.5 bar) at 10 minutes. 

(l Maximum steel temperature over ignition 341 °F (172°C). 

e Maximum steel temperature over ignition 132°F (56°C). 



A. 12.6.2. 1.4 Generally, more sprinklers open in fires involv- 
ing roll paper storage protected by sprinklers rated below the 
high-temperature range. An increase of 67 percent in the de- 
sign area should be considered. 

A. 12.7.1 Exposed, expanded plastic don n age, instrument 
panels, and plastic bumper facia were the automotive compo- 
nents with their related packaging that were utilized in the lire 
tests. This test commodity used in the large-scale sprinklered 



fire test proved to be the worst challenge per the large-scale 
calorimeter tests of available components. See Technical Report 
of Fire Testing of Automotive Parts in Portable Storage Racking, pre- 
pared by Underwriters Laboratories, Project 99NK29106, 
NC400 4, January 5, 2001, and Commodity Pfazard Comparison 
of Expanded Plastic in Portable Bins and Racking, Project 
99NK29106, NC4004, September 8, 2000. 
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Table A.12.6.2(a) Automatic Sprinkler System Design Criteria - 
densities are gpm/ft* over ft 2 .) 



- Spray Sprinklers for Existing Storage Facilities (Discharge 



Storage 




Heavyweight 


Mediumweight 


Closed Array 


Standard Array 


Open Array 


Closed Array 


Standard Array 


Open Array 


Height 


Clearance 


Banded or 










Banded or 






Banded or 


(ft) 


(ft) 


Unhanded 


Banded 


Unhanded 


Banded 


Unhanded 


Unhanded 


Banded 


Unhanded 


Unhanded 


10 


<5 


0.2/2000 


0.2/2000 


0.2/2000 


0.25/2000 


0.25/2000 


0.2/2000 


0.25/2000 


0.3/2000 


0.3/2000 


10 


>5 


0.2/2000 


0.2/2000 


0.2/2000 


0.25/2500 


0.25/2500 


0.2/2000 


0.25/2000 


0.3/2000 


0.3/2000 


15 


<5 


0.25/2000 


0.25/2000 


0.25/2500 


0.3/2500 


0.3/3000 


0.25/2000 


0.3/2000 


0.45/2500 


0.45/2500 


15 


>5 


0.25/2000 


0.25/2000 


0.25/2500 


0.3/3000 


0.3/3500 


0.25/2000 


0.3/2500 


0.45/3000 


0.45/3000 


20 


<5 


0.3/2000 


0.3/2000 


0.3/2500 


0.45/3000 


0.45/3500 


0.3/2000 


0.45/2500 


0.6/2500 


0.6/2500 


20 


>5 


0.3/2000 


0.3/2500 


0.3/3000 


0.45/3500 


0.45/4000 


0.3/2500 


0.45/3000 


0.6/3000 


0.6/3000 


25 


<5 


0.45/2500 


0.45/3000 


0.45/3500 


0.6/2500 


0.6/3000 


0.45/3000 


0.6/3000 


0.75/2500 


0.75/2500 


25 


>5 


0.45/3000 


0.45/3500 


0.45/4000 


0.6/3000 


0.6/3500 


0.45/3500 


0.6/3500 


0.75/3000 


0.75/3000 


30 


<5 


0.6/2500 


0.6/3000 


0.6/3000 


0.75/2500 


0.75/3000 


0.6/4000 


0.75/3000 


0.75/3500 


0.75/3500 



| N o te : D e n s i t i e s o r ai e as , o r b o th , c a n b e i n te rpo 1 a te d be t;we e n an y 5-f t s to ra ge h e i g h t; i n c re m e n t. . 



Table A.12.6.2(b) Automatic Sprinkler System Design Criteria - 
densities are mm/min over m 2 .) 



- Spray Sprinklers for Existing Storage Facilities (Discharge 





Clearance 
(m) 


Heavyweight 


Mediumweight 


Storage 


Closed Array 
Banded or 
Unhanded 


Standard Array 


Open Array 


Closed Array 
Banded or 
Unhanded 


Standard Array 


Open Array 
Banded or 
Unhanded 


Height 

(m) 


Banded 


Unhanded 


Banded 


Unhanded 


Banded 


Unhanded 


3.1 
3.1 
4.6 
4,6 

6.1 
6.1 

7.6 
7.6 
9.1 


<1.5 
>1.5 
<1.5 
>1.5 
<1.5 
>1.5 
<1.5 
>1.5 
<1.5 


0.76/185.8 
0.76/185.8 
0.95/185.8 
0.95/185.8 
12.2/185.8 
12.2/185.8 
18.3/232.3 
183/278.7 
24.5/232.3 


0.76/185.8 
0.76/185.8 
0.95/185.8 
0.95/185.8 
12.2/185.8 
.12.2/232.3 
18.3/278.7 
18.3/325,2 
24.5/278.7 


0.76/185.8 
0.76/185.8 
0.95/232.3 
0.95/232.3 
12.2/232.3 
12.2/278.7 
18.3/325.2 
18.3/371.6 
24.5/278.7 


0.95/185.8 
0.95/232.3 
12.2/232.3 
12.2/278.7 
18.3/278.7 
18.3/325.2 
24.5/232.3 
24.5/278.7 
30.6/232.3 


0.95/185.8 
0.95/232.3 
12.2/278.7 
12.2/325.2 
18.3/325.2 
18.3/371.6 
24.5/278.7 
24.5/325.2 
30.6/278.7 


0.76/185.8 
0.76/185.8 
0.95/185.8 
0.95/185.8 
12.2/185.8 
12.2/232.3 
18.3/278.7 
18.3/325.2 
24.5/371.6 


0.95/ J 85.8 

0.95/185.8 
12.2/185.8 
J 2.2/232.3 
1.8.3/232.3 
18.3/278.7 
24.5/278.7 
24.5/325.2 
30.6/278.7 


12.2/185.8 
12.2/185.8 
18.3/232.3 
1.8.3/278.7 
24.5/232.3 
24.5/278.7 
30.6/232.3 
30.6/278.7 
30.6/325.2 


12.2/185.8 
12.2/185.8 
18.3/232.3 
18.3/278.7 
24.5/232.3 
24.5/278.7 
30.6/232.3 
30.6/278.7 
30.6/325.2 



| Noi 



: D e 1 1 s i i i e s < > i ■ a re its , o i ' bo t: h , c a n b e i n te r p o 1 a te d b e twe en an y 1 . 5-m s to rage h e i gh t i n c r e m e n t . 



A. 12.7.2 These special designs are based on fire heat release 
calorimeter tests and 10 full-scale tests conducted by the Retail 
Fire Research Coalition at. Underwriters Laboratories in 2000. 

[See Figure A. 12. 7. 2(a) through Figure A .12.7. 2(f).] 

A. 13. 4. 1.1 Spray application operations should only be located 
in buildings that are completely protected by an approved system 
of automatic sprinklers. If located in unsprinklered buildings, 
sprinklers should be installed to protect spray application pro- 
cesses where practical. Because of the rapidity and intensity of 
fires that involve spray operations, the available water should be 
ample to simultaneously supply all sprinklers likely to open in 
one fire without depleting the available water for use by hose 
streams. No n combustible draft curtains can be used to limit the 
n u m be r o f sp ri n Id e rs tha t wi 1 1 ope n . 

Even when areas adjacent to coating operations are consid- 
ered under reasonably positive fire control by adequate auto- 
matic sprinklei' protection, damage is possible if operations are 
conducted on floors above those containing contents that are 
highly susceptible to water damage. Waterproofing and drainage 
of spray room floors can assist in reducing water damage on 
floors below. The proper drainage of the large volume of water 
frequently necessary to extinguish spray finishing room fires of- 
ten presents considerable difficulty. [33: A. 7, 2] 



A. 1 3 A . 2 . 1 An to made s pri n kl e rs i n sp ra y a re as , i n cl u di ng the 
interior of spray booths and exhaust ducts, should be wet pipe, 
p reaction, or deluge system in order that water can be placed 
on the fire in the shortest possible time. Automatic sprinklers 
in spray booths and exhaust ducts should be of the lowest 
practical temperature rating. Sprinklers outside the booth at 
ceiling level should be high temperature-rated [286°F 
(141 °C)]. The delay in application of water with ordinary dry 
pipe sprinklers can permit a fire to spread so rapidly that final 
extinguishment, is difficult without large resulting damage. 

The location of the sprinklers inside spray booths should 
be selected with care in order to avoid sprinklers being placed 
in the direct path of spray and yet afford protection for the 
entire booth interior. When in the direct path of spray even 
one day's operation can result in deposits on the sprinkler 
head that insulate the fusible link or choke open head orifices 
to the extent that sprinklers cannot, operate efficiently. 

Automatic sprinklers should also be located so that areas 
subject to substantial accumulations of overspray residue are 
protected. Generally, sprinklers are located no more than 4 ft 
(1.2 in) from side walls of booths and rooms and from dry 
overspray collectors (where applicable). Sprinklers in booths 
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II K-25.2 1 65°F upright style sprinkler 

I | Group A plastic test commodity 

Fire Test A1 
Front Elevation View 

FIGURE A.12.7.2(a) Fire Test Al. 



or rooms should be on extra hazard occupancy spacing of 
90 ft 2 (9.4 m 2 ). 

Sprinklers or sprinkler systems protecting stacks or ducts 
should be automatic and of a type not subject to freezing. Dry 
pendent sprinklers are often used inside buildings near ex- 
haust duct penetrations to the outside. Non freeze or dry type 
sprinkler systems are often used for ducts outside buildings. 
Sprinklers should be spaced no more than 12 ft (8.7 m) apart 
in the duct for adequate protection. 

All sprinklers in spray areas should be controlled by an acces- 
sible control valve, preferably an OS&Y valve. [33: A. 7.2.4] 

A. 13.5.1 Water spray or deluge systems that are used to protect 
solvent extraction process equipment or structures should be de- 
signed to provide a density of not less than 0.25 gpm/ft 2 (10.2 L/ 
min-m 2 ) of protected surface area. (See NFPA 13 and NFPA 13, 



Standard for Water Spray Fixed Systems for Fire Protection , for additional 
information. ) Foam-water sprinkler or deluge systems that are 
used for the same purposes should be designed to provide a den- 
sity of not less than 0.16 gpm/ft 2 (6.5 L/minnu 2 ) of protected 
surface area. (See NFPA 13 and NFPA 16, Standard for the Installation 
of Foam-Water Sprinkler and Foam-Water Spray Systems, for additional 
information. ) 

Preparation buildings should be protected with automatic 
sprinkler systems designed for Ordinary Hazard (Group 2) , in 
accordance with NFPA 13. [36: A.2.9] 

A. 13.6.2.3.3 The arrangement of sprinklers or nozzles for 
providing distribution over the face of shelving is important 
and requires knowledge of sprinkler discharge patterns and 
locations. This arrangement should be done only by qualified 
personnel. [40:4.3.6.3] 
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SX K-25.2 165°F upright style sprinkler 
| | Group A plastic test commodity 



Fire Test A2 
Front Elevation View 



FIGURE A.12.7.2(b) Fire Test A2. 



A. 13. 18. 1.2 More than one control station could be required in 
a compartment (lock) depending on its size. [99: A. 19.2.5.2.1] 

A. 13. 18. 1.4 Experience has shown that when water is dis- 
charged through conventional sprinklers into a hyperbaric at- 
mosphere, the spray angle is reduced because of increased 
resistance to water droplet movement in the denser atmo- 
sphere. This is so even though the water pressure differential 
is m ai n ta i n ed a bove c h am be r p ress u re . Th e refore , i t is n eces- 
sary to compensate by increasing the number of sprinklers. It 
is recommended that spray coverage tests be conducted at 
maximum chamber pressure. 



Some chamber configurations, such as small-diameter 
horizontal cylinders, might have a very tiny "floor, " or even no 
floor at all. For horizontal cylinder chambers and spherical 
chambers, "floor level" shall be taken to mean the level at Va 
diameter below the chamber center! ine or actual "floor level," 
whichever gives the larger floor area. [99: A. 19.2.5.2.3] 

A. 13. 18. 1.5 Experience has shown that when water is dis- 
charged through conventional sprinklers into a hyperbaric at- 
mosphere, the spray angle is reduced because of increased 
resistance to water droplet movement in the denser atmo- 
sphere. This is so even though the water pressure differential 
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FIGURE A.12.7.2(c) Fire Test A3. 



Legend: 



is maintained above chamber pressure. Therefore, it is neces- 
sary to compensate by increasing the number of sprinklers. It 
is recommended that spray coverage tests be conducted at 
maximum chamber pressure. 

Some chamber configurations, such as small-diameter 
horizontal cylinders, could have a very tiny "floor," or even no 
floor at all. For horizontal cylinder chambers and spherical 
chambers, "floor level" should be taken to mean the level at Va 
diameter below the chamber centerline or actual "floor level," 
whichever gives the larger floor area. [99: A. 19.2.5.2.3] 



A. 13. 21. 1.1.1 A deluge system provides a h igher degree of pro- 
tection where water supplies are adequate. In climates that are 
subject to freezing temperatures, a deluge system minimizes the 
possibility of failure due to pipes freezing. [214: A.3.2.2.I] 

A. 13. 2 1.1. 1.2 The crossflow design is such that it is difficult to 
locate sprinklers in the most desirable spots for both water 
distribution and heat detection. This situation can be solved 
by separating these two functions and using separate water 
discharge and detection systems. [214; A.3.2.2.2] 
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il K-25.2 165°F upright style sprinkler 
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FIGURE A.12.7.2(d) Fire Test A4. 
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FIGURE A.12.7.2(e) Fire Test A6 — Plan View. 
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FIGURE A.12.7.2(f) Fire Test A6 — Main Array (North/South). 



Water supply 
area typical 
(one) deluge 
system 



y — Single deluge 
/__ system 



o 



o 



o 



o 



- Fans typical (four) 

- Cells typical (four) 



FIGURE A.13.21. 1.7.1.1 Single Deluge System. [214: Figure 
A.3.6.1.1] 

A. 13. 21. 1.7. 1.1 Wh e re a si n gl e de 1 uge sys tern p ro tec ts an e n- 
tire water-cooling tower, regardless of the number of cells, the 
water supply needs to be based on the entire deluge system 
coverage. Refer to Figure A.13.21. 1.7.1.1. [214: A.3.6.1.1] 



A. 13, 21. 1.7. 1.3 Deluge systems separated by fire-resistant par- 
titions can be treated independently as worst-case water supply 
situations. Refer to Figure A.13.21. 1.7.1.3. [214: A.3.6.1.3] 

A.13.21. 1.7.2.1 Water-cooling towers with each cell separated 
by a fire-resistant partition and protected by wet, dry, or preac- 
tion system (s) should have the water supply based on the most 
demanding individual cell. Refer to Figure A.13.21. 1.7. 2.1. 
[214:A.3.6.2.1] 

A. 13.21.1.7.2.2 Without fire-resistant partitions between 
cells, the worst-case situation involves the most demanding ad- 
joining cells. Refer to Figure A.13.21. 1.7.2.2. [214: A3. 6.2. 2] 

A.13.21. 2.1 See Figure A.13.21. 2. 1(a) through Figure 
A.13.21.2.1(d). 
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FIGURE A.13.21. 1.7.1.3 Multiple Deluge Systems. [214: Fig- 
ure A.3.6.1.3] 



FIGURE A.13.21. 1.7.2. 2 Multiple Wet, Dry, or Preaction Sys- 
tems with No Fire-Resistant Partitions. 1 214: Figure A. 3. 6. 2. 2] 
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Wet, dry, or preaction 
systems typical (four) 



Water supply area 
typical (one) wet, dry, 
or preaction system 



- Fans typical (four) 
-Cells typical (four) 

- Fire-resistant partitions 
typical (three) 



FIGURE A. 13.2 1.1. 7.2.1 Multiple Wet, Dry, or Preaction Sys- 
tems with Fire-Resistant Partitions. [214: Figure A.3.6.2.1] 

A.13.21. 2.2 See Figure A.13.21.2.2(a) through Figure 
A.13.21.2.2(d). 

A.13.21. 2.3 Location of the nozzle relative to surfaces to be 
protected should be determined by the particular nozzle's dis- 
charge characteristics. Care should also be taken in the selec- 
tion of nozzles to obtain waterways not easily obstructed by 
debris, sediment, sand, and so forth, in the water. [See Figure 
A. 1 3.21. 23(a) and, Figure A. 13.21.23(b).] 



A.13.21. 2.5 See Figure A. 13. 2 1.2. 5. 

A. 1 3 . 2 1 . 2 . 1 0. 2 A p p roved sprinkle rs a re m ad e of n o n fe r rous 
material and are corrosion resistant to normal atmospheres. 
Some atmospheres require special coatings on the discharge 
devices. 

A.13.21. 2. 10.3 Otherwise, corrosion will attack the exposed 
metal and will, in time, creep under the wax coating. 

A. 13. 22. 1.1 The use of fires tops for draft control to bank 
heat, facil ita te th e o pe n in g of s p r i n kl e rs , a n d p reve n t th e over- 
taxing of the sprinkler system is particularly important in the 
des i gn of sp ri n kl e r p ro te c tio n f o r c o mb us ti bles u bs true tu res . 
The fire wa 1 Is an d fi res to ps o f 3.3.3. 6 of N FPA 30 7 , Standard for 
the Construction and, Fire Pro tec lion of Marine lerminals, Piers, and, 
Wharves, should be incorporated into the sprinkler system de- 
sign for this purpose to the maximum extent practical; how- 
eve r, due to 1 i m i ta ti o n s i n th e s i ze o f the d es i g n a rea fo r th e 
sp ri n kl e r sys te m , ad d i tio n al fi res to ps w ill n o r m al ly be n e ed ed . 
These additional or supplemental fires tops need only have 
limited fi re re s i s ta n ce b u t; s h o u 1 d b e as d e e p a s p oss i b 1 e a n d b e 
of substantial construction, such as double 3-in. (76.2-mm) 
planking where exposed to the elements. Where not exposed 
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FIGURE A.13.21. 2. 1(a) Typical Deluge Fire Protection Arrangement for Counterflow Towers, 
Illustration 1. [214: Figure A.3.2.4.1(a)l 
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FIGURE A. 1 3.2 1 .2. 1 (b) Typical Deluge Fire Protection Arrangement for Counterflow Towers, 
Illustration 2. [214: Figure A. 3. 2.4. 1(b)] 
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FIGURE A. 1 3.2 1 .2. 1 (c) Typical Deluge or Dry Pipe Fire Protection Arrangement for Counter- 
flow Towers, Illustration I. [214: Figure A.3. 2.4. 1(c)] 
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FIGURE A. 13.2 1.2. 1(d) Typical Deluge or Dry Pipe Fire Pro- 
tection Arrangement for Counterflow Towers, Illustration 2. 
[214: Figure A.3.2.4.1(d)] 

to physical damage, -Ki-in. (19.05-inm) treated plywood ex- 
tending 48 in. (1219.2 mm) below stringers with solid block- 
ing between stringers should provide adequate durability and 
reasonable effectiveness. [307: A.3.3.3.3(a) (5)] 

A.13.23.1.1 Typical configurations of cleanrooms and their 
chases and plenums create numerous areas that might be shel- 
tered from sprinkler protection. These areas can include air- 
mixing boxes, catwalks, hoods, protruding lighting, open 
waffle slabs, equipment, piping, ducting, and cable trays. Care 
should be taken to relocate or supplement sprinkler protec- 
tion to ensure that sprinkler discharge covers all parts of the 
occupancy. Care should also be taken to ensure that sprinklers 
are located where heat will be satisfactorily collected for reli- 
able operation of the sprinkler. 

Gaseous fire suppression systems are not substitutes for au- 
tomatic sprin kl e r p ro te c ti o n . Th e large n u m be r of ai r ch an ges 
in cleanrooms can cause dilution or stratification of the gas- 
eous agent. 

It is recommended that sprinkler systems be inspected at 
least semiannually by a qualified inspection service (see 
NFPA 25, Standard for the Inspection, Jesting, and, Maintenance of 
Water-Based Fire Protect ion Systems) . The length o f ti m e be tw e e n 
such inspections can be decreased due to ambient atmo- 
sphere, water supply, or local requirements of the authority 
having jurisdiction. 

Prior to taking a sprinkler system out of service, one should 
be certain to receive permission from all authorities having 
jurisdiction and notify all personnel who might be affected 
during system shutdown. A fire watch during maintenance pe- 



riods is a recommended precaution. Any sprinkler system 
taken out of service for any reason should be returned to ser- 
vice as promptly as possible. 

A sp ri n kl e r sys te m th at h as been ac ti va te d s h o u J d be tho r- 
oughly inspected for damage and components replaced or 
repaired promptly. Sprinklers that did not operate but were 
subjected to corrosive elements of combustion or elevated 
temperatures should be inspected, and replaced if necessary, 
in accordance with the minimum replacement requirements 
of the authority having jurisdiction. Such sprinklers should be 
destroyed to prevent their reuse. [318: A.2.1.2.1 ] 

A. 13.23. 1.3 Small-orifice sprinklers, % in. (9.5 nun) or larger, 
can be used. [318: A2. 1.2. 1.6.1] 

A.13.23.2.2 The use of quick-response sprinklers, while still de- 
layed in opening by the downward airflow, would respond to a 
smaller size fire quicker than conventional sprinklers. (Glass 
bulb-type quick response sprinklers might be preferable to other 
types of quick-response sprinklers.) [318: A.2. 1.2.2] 

A.13.23.2.3 Small orifice sprinklers, 3/8 in. (9.5 mm) or 
larger, can be used. [318: A.2.1.2.6.1] 

A. 13. 25. 1.2 The exposure to the airport terminal building 
from the airport ramp is significant. The number of building 
sprinklers operating from the exposure fire can be greater 
than from an internal ignition source. [415: A. 2. 5. 1.2] 

A. 13.26.1.1 Because of the nature of the test cell fire poten- 
tial, deluge systems are considered more appropriate than au- 
tomatic sprinklers due to their speed of operation and simul- 
taneous discharge of all nozzles; however, automatic 
sprinklers can be used under the following conditions. 

(1) In small cells [600 ft 2 (56 m") or less] where it is likely that 
all sprinklers would fuse at the same time 

(2) As a backup to a manual water spray or other manual 
system 

[423:A.5.6.3] 

A.13.27.1.4.1 For the purposes of Table 13.27.1.4.1, the fire 
hazard potential of Class 2 oxidizers has been considered as 
approximately equal to Group A plastic (non-expanded), 
stable cartoned. [430: A.4.4.1 ] 

A.13.27.1.5.1 For die purposes of Table 13.27.1 .5.1 , the sprin- 
kler density has been derived from fire loss history. [430: A.5.4. 1 ] 

A. 1 3 . 27 . 2 At th e ti m e of th e p 1 1 b 1 i ca ti o n o f th is s land aid , th e 
Technical Committee on Sprinkler System Installation Crite- 
ria i s aware of o n goi n g resea rch c o n cem i n g th e s p r i n k le r p ro- 
tec ti on o f sol i d oxid ize is .This reseat c h i s be i n g co n d u c te d by 
the National Fire Protection Research Foundation. 

A. 1 3 . 29 . 1 . 1 The wa te r sup pi y f o r th e pe r m a n e n t fi re p ro tec- 
tion water system should be based on providing a 2-hour water 
supply for both items (1) and (2) as follows: 

( 1 ) Ei th e r of the f o 11 own n g i te m s , a o r b , w h i ch e ve r i s 1 arge r : 

( a ) Th e la rges t fi xe d fi re s u p p ress i o n sys te m d e m a n d 

( b ) Any fixed fi re su p p ress i o n sys te in d em an d th a t con 1 d 
be reasonably expected to operate simultaneously 
during a single event (e.g., turbine undei floor pro- 
tection in conjunction with other fire protection sys- 
tems in the turbine area) 

(2) The hose stream demand of not less than 500 gpm 
(1892.5 L/min). 

[804:A.7.2.1] 
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FIGURE A.13. 21.2.2(a) Typical Deluge Fire Protection Arrangement for Crossflow Towers, 
Illustration 1. [214: Figure A.3.2.4.2(a)] 
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FIGURE A.13. 21. 2. 2(b) Typical Deluge Fire Protection Arrangement for Crossflow Towers, 
Illustration 2. [214: Figure A.3. 2.4.2(b)] 
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FIGURE A.13.21.2.2(c) Typical Deluge Fire Protection Arrangement for Crossflow Towers, 
Illustration 3. [214; Figure A.3.2.4,2(c)] 
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FIGURE A.13.21.2.2(d) Typical Deluge Fire Protection Arrangement for Crossflow Towers, 
Illustration 4. [214: Figure A.3.2.3.2(d)] 
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FIGURE A. 13.21 .2.3 (a) Typical Deluge Fire Protection Arrangement for Crossflow Towers with 
Completely Enclosed Distribution Basins, Illustration 1. [214: Figure A. 3. 2. 4. 3 (a)] 
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FIGURE A. 13.21.2.3(b) Typical Deluge Fire Protection Arrangement for Crossflow Towers with 
Completely Enclosed Distribution Basins, Illustration 2. [214: Figure A.3.2.4.3(b)] 
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FIGURE A. 13.21.2.5 Typical Deluge Fire Protection Arrangement for Crossflow Towers with 
Covers Completely Enclosing Distribution Basins. [214: Figure A.3.2.4.5] 



A.13.29.1.5 To avoid water application to hot parts or other 
water-sensitive areas and to provide adequate coverage, de- 
signs that incorporate items such as fusible element operated 
s pray n o zzl es m i gh t be n ec essa ry. [ 804 : A. 8 . 8 . 2 . 1 ] 

A. 1 3 . 2 9 . 1 . 6 Ad d i ti o n al i n fo r ma ti on co n ce r n i n g tu rb i n e ge n - 
era tor lire protection can be found in EPRI Research Report 
1843-2, "Turbine Generator Fire Protection by Sprinkler Sys- 
tem," July 1985. [804:A.8.8.3] 

A.13. 29.2. 1.2 A common yard lire main loop can serve multi- 
unit n u c 1 e ar p o we r p 1 a n t s i te s i f i t is c r o s s-c o n n e c t e d b e tw e e n 
units. 

A. 13. 30.1 Cement-lined pipe 12 in. (304.8 mm) in diameter 
is recommended. Main sizes should be designed to encompass 
any anticipated expansion. 

The underground main should be arranged such that any 
o n e b re ak w i 1 1 n o t pu t bo th a fixed wate r ex ti n gu is h i n g sys tern 
and hose lines protecting the same area out of service. [805: 
A.3.5.1] 

A. 13. 3 1.1 Sprinkler System Discharge Criteria for Electric 
Generating Plants and High-Voltage Direct Current Converter 
Stations. See NFPA 850, Recommended Practice for Fire Protection 
for Electric Generating Plants and High Voltage Direct Current Con- 
verier Stations, for applicable terms not defined in Chapter 3. 

( 1 ) Sprinkler System Water Supply. The wa te r s u p p ly f o r th e p e r- 
iii an e n t fi re p ro te c ti o n i n s tall a ti o n sh oul d be based o n 
providing a 2-hour supply for both items (a) and (b) as 
follows: 
(a) Either of items i or ii below, whichever is larger: 

i . T h e 1 a rges t 1 i x e d h re s u p p r essi on sys te m d e m a n d 



ii. Any fixed fire suppression system demands that 
c on Id reaso n a bl y be e x pe c te d to o pe t a te s i in u 1- 
taneously during a single event [e.g., turbine 
u n d e rfl oo r p r o tec ti on i n co n j u n c ti o n wi th 
other fire protection system (s) in the turbine 
area; coal conveyor protection in conjunction 
wi th p ro tec ti o 1 1 f o r rel a te d coa 1 handlings t v uc- 
tures during a conveyor fire; adjacent trans- 
formers not adequately separated according to 
3.1.3 of" NFPA 850]. 

(b) The hose stream demand of not less than 500 gpm 
(31.5'L/sec). 
[850:4.2.1] 

Where an adequate and reliable water supply, such 
as a lake, cooling pond, river, or municipal water 
system, is unavailable, at least two separate water 
supplies should be provided for fire protection pur- 
p oses wi th e ac h s u p p ly ca pa b 1 e o f me e ti n g 1 h e 1 i re 
wate rfl ow requirements determined by 4.2.1 of 
NFPA 850. [850:4.2.2] 

( 2 ) Yard Mains. Th e s u ppl y m a i n s sh ou Id be 1 oo ped a .ro un d 
the main power block and should be of sufficient size to 
supply the flow requirements determined by 4.2.1 of 
NFPA 850 to any point in the yard loop considering the 
most direct path to be out of service. Pipe sizes should be 
designed to encompass any anticipated expansion and 
future water demands. [850:4.4. 1 .3] 

( 3 ) Coal Handling Structures. Spri n k 1 e r sys te m s s 1 1 o u 1 d be cl e- 
s ign ed f o r a i n i n i m n m of . 2 5 g p in / It" (10.2 m n i / m in) 
density over a 2500 fr (232 nr) area. [850:5.4.6. 1] 
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(4) Coal Conveyors. Sprinklers should be designed for a mini- 
mum of 0.25 gpm/ft 2 (10,2 mm/min) density over 
2000 ft 2 (186 m 2 ) of enclosed area or the most remote 
100 linear ft (30 m) of conveyor structure up to 2000 ft 2 
(186 m 2 ). [850:5.4.6.2] 

(5) [In areas over conveyor belts and striker plates within 
the stacker reclaimer,] the water supply [should] be 
from a 3000-gal to 5000-gaJ (11,355-L to 18,925-L) capac- 
ity pressure tank located on-board. [850:5.4.6.4] 

(6) Sprinklers for bag- type dust collectors should be de- 
signed for ordinary hazard systems. Sprinkler systems 
should be designed for a density of 0.2 gpm (8.2 mm/ 
min) over the projected plan area of the dust collector. 
[850:5.4.6.5.1] 

(7) Steam, Generator. Boiler front fire protection systems 
should be designed to cover the fuel oil burners and 
ignitors, adjacent fuel oil piping and cable, a 20 ft 
(6.1 m) distance from the burner and ignitor including 
s true turai members and walkways at these levels. Addi- 
tional coverage should include areas where oil may col- 
lect. Sprinkler and water spray systems should be de- 
signed for a density of 0.25 gpm/ft 2 (10.2 mm/min) 
over the protected area. [850:5.5.1.2] 

(8) Flue Gas Bag-Type Dust Collectors. The design density 
should be 0.2 gpm/ft 2 (8.2 mm/min) over the plan area 
of the dust collector. [850:5.6.3.3] 

(9) Electrostatic Precipitators. If mineral oil insulating fluids 
are used, hydrants or standpipes should be located so 
that each transformer-rectifier set can be reached by at 
least one hose stream. In addition the following should 
be provided: 

Automatic sprinkler protection. Automatic sprinkler sys- 
tems should be designed for a density of 0.25 gpm/ft 2 
(10.2 mm/min) over 3500 ft 2 (325 m 2 ). The drain sys- 
tem should be capable of handling oil spillage plus the 
largest design waterflow from the fire protection system. 
[850: 5.6.4.3] 

(10) Scrubber Buildings. Where scrubbers have plastic or rub- 
ber linings, one of the following methods of protection 
for the building should be provided: 

Automatic sprinkler protection at ceiling level sized to 
provide a density 0.2 gpm/ft 2 (8.2 mm/min). The area 
of operation should be the area of the building or 
10,000 ft 2 (930 m 2 ). Where draft curtains are provided 
the area of operation can be reduced to the largest area 
subdivided by draft curtains. [850:5.6.5.2.2] 

(11) Turbine-Generator Area. The sprinkler system beneath the 
turbine-generator should take into consideration obstruc- 
tions from structural members and piping and should be 
designed to a density of 0.3 gpm/ft 2 (12-2 mm/min) over a 
minimum application of 5000 ft 2 (464 m 2 ). 

NOTE: To avoid water application to hot parts or other 
water sensitive areas and to provide adequate coverage, de- 
signs that incorporate items such as fusible element oper- 
ated directional spray nozzles may be necessary. 
[850:5.7.4.1,5.7.4.1.1] 

The automatic sprinkler system [protecting the lubricating 
oil lines above the turbine operating floor] should be de- 
signed to a density of 0.3 gpm/ft 2 (12.2 mm/min). 
[850:5.7.4.1.2] 

(12) Turbine-Generator Bearings. Fire protection systems for 
turbine-generator bearings should be designed for a 
density of 0.25 gpm/ft 2 (10.2 mm/min) over the pro- 
tected area. [850:5.7.4.2.1] 



(13) Cable Spreading Room and Cable Tunnels. Automatic sprin- 
kler systems should be designed for a density of 
0.3 gpm/ft 2 (12.2 mm/min) over 2500 ft 2 (232 m 2 ) or 
the most remote 100 linear ft (30 m) of cable tunnels up 
to 2500 ft 2 (232 m 2 ). [850:5.8.2.1] 

(14) Emergency Generators. Sprinkler systems should be de- 
signed for a 0.25 gpm/ft 2 (10.2 mm/min) density over 
the fire area. [850:5.9.1.2.1] 

(15) Fire Pumps. If sprinkler systems are provided for fire 
pump houses, they should be designed for a density of 
0.25 gpm/ft 2 (10.2 mm/min) over the lire area. 
[850:5.9.4] 

(16) Oil- or Co a [-Fueled A uxiliary Boilers. If a s p ri n kl e r sys te m is 
provided it should be designed for a density of 
0.25 gpm/ft 2 (10.2 mm/min) over the entire room. 

(17) A Iternative Fuels. 

(a) Hydraulic Equipment, Reservoirs, Coolers, and Associated 
Oil-Filled Equipment. Sprinklers should be over oil- 
containing equipment and for 20 ft (6.1 m) beyond 
in all directions. A density of 0.25 gpm/ft 2 
(10.2 mm/min) should be provided. [850:7.3.4.3] 

(b) Tipping/ 'Receiving Building. Systems should be designed 
for a minimum of 0.25 gpm/ft 2 (10.2 mm/min) over 
the most remote 3000 ft 2 (279 m 2 ) (increase by 30 per- 
cent for dry pipe systems) of floor area with the protec- 
tion area per sprinkler not to exceed 130 ft 2 (12 m 2 ). 
High temperature sprinklers [250°F to 300°F (121°C 
to 149°C)] should be used. 

NOTE: The above requirements are based on storage 
heights not exceeding 20 ft (6.1 m). [850:7.3.4.4] 

(c) The MSW Storage Pit, Charging Floor; and Grapple Lay- 
down Areas. Systems should be designed for a mini- 
mum of 0.2 gpm/ft 2 (8.2 mm/min) over the most 
remote 3000 ft 2 (279 m 2 ) (increase by 30 percent for 
dry pipe systems) of pit/ floor area with the protec- 
tion area per sprinkler not to exceed 100 ft 2 
(9.3 m 2 ). High temperature sprinklers [250°F to 
300°F (12I°C to 149°Q] should be used. 
[850:7.3.4.5.1] 

(18) Refuse Derived Fuels. 

(a) Hydraulic Equipment, Reservoirs, Coolers, and Associated 
Oil-Filled Equipment. Sprinklers should be over oil- 
containing equipment and for 20 ft (6.1 m) beyond 
in all directions. A density of 0.25 gpm/ft 2 
(10.2 mm/min) should be provided. [850:7.4.4.6] 

(b) Tipping/ Receiving Building. Systems should be de- 
signed for a minimum of 0.25 gpm/ft 2 (10.2 mm/ 
min) over the most remote 3000 ft 2 (279 m 2 ) (in- 
crease by 30 percent for dry pipe systems) of floor 
area with the protection area per sprinkler not to 
exceed 130 ft 2 (12.0 m 2 ). High temperature sprin- 
klers [250°F to 300°F (121°C to 149°Q] should be 
used. 

NOTE: The above requirements are based on stor- 
age heights not exceeding 20 ft (6.1 m). 
[850:7.4.4.7] 

( c ) Processing Building. Sys te m s should be desi gn ed fo r a 
m in im u m of . 2 5 gpm /ft 2 ( 1 0.2 mm/min) over the 
most remote 3000 ft 2 (279 m 2 ) (increase by 30 per- 
cent for dry pipe systems) of floor area with the pro- 
tection area per sprinkler not to exceed 130 ft 2 
(12.0 m 2 ). [850:7.4.4.8)] 

( d ) RDF Storage Building. Sys te m s sh o u Id be des i gned for 
a minim u m of . 35 gp m /f t 2 (14. 3 m m / m i n ) ove r 
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the most, remote 3000 ft 2 (279 m 2 ) (increase by 
30 percent for dry pipe systems) of floor area with 
the protection area per sprinkler not to exceed 
100 ft 2 (9.3 m 2 ). High temperature sprinklers 
[250°F to 300°F (121°c\o 149°G)] should be used. 
Storage heights in excess of 20 ft (6.1 m) will require 
higher design densities. [850:7.4.4.9] 

(e) RDF Boiler Feed System, Area, Including Bins, Hoppers, 
Chutes, Conveyors, and So Forth. Where provided, the 
systems should be designed for a minimum of 0.2 
gpm/ft 2 (8.2 mm/min) over the most remote 
2000 ft 2 (186 m 2 ) (increase by 30 percent for dry 
pipe systems) of floor area with the protection area 
per sprinkler not to exceed 130 ft 2 (12.0 m 2 ). Inter- 
nal, as well as external, protection also should be 
considered depending upon specific equipment de- 
sign, ceiling heights, and accessibility for manual 
fire fighting. [850:7.4.4.10] 

(f) Shredder Enclosures. Systems should be designed for a 
mini m u m of . 2 5 gp m / ft 2 ( 1 0.2 mm/min) o ve r th e 
most remote 3000 ft 2 (279 m 2 ) (increase by 30 per- 
cent for dry pipe systems) of floor area with the pro- 
tection area per sprinkler not to exceed 100 ft 2 
(9.3 m 2 ). [850:7.4.4.11] 

(19) Biomass Fuels. 

(a) Biomass Storage Buildings. Systems should be de- 
signed for a mini m u m of . 2 5 gp m /ft 2 (10.2 mm/ 
min) over the most remote 3000 fr (279 m 2 ) (in- 
crease by 30 percent for dry pipe systems) of floor 
area with the protection area per sprinkler not to 
exceed 130 ft 2 (12.0 m 2 ). 

NOTE: Biomass fuels exhibit a wide range of burn- 
ing characteristics and upon evaluation can require 
increased levels of protection. 
[850:7.5.4.4] 

(b) Hydraulic Equipment, Reservoirs, Coolers, and Associated 
Oil-Filled Equipment. Sprinklers or spray nozzles 
should be over oil -containing equipment and for 
20 ft (6.1 m) beyond in all directions. A density of 
0.25 gpm/ft 2 (10.2 mm/min) should be provided. 
[850:7.5.4,6] 

(20) Rubber Tire Fuel — Hydraulic Equipment, Reservoirs, Coolers, 
and, Associated, Oil-Filled Equipment. Sprinklers should be 
over oil-containing equipment and for 20 ft (6.1 m) be- 
yond in all directions. A density of 0.25 gpm/ft 2 
(10.2 mm/min) should be provided. [850:7.6, 7~.6.4.10] 

A. 1 3 . 3 1 . 2 Wh e re an ad e q ua te a n d rel i able wa te r su pply, such 
as a lake, cooling pond, river, or municipal water system, is 
unavailable, at least two separate water supplies should be pro- 
vided for fire protection purposes with each supply capable of 
meeting the fire waterflow requirements determined by 4.2.1 
ofNFPA850. [850:4.2.2] 

Each water supply should be connected to the yard main by 
separate connections arranged and valve controlled to mini- 
mize the possibility of multiple supplies being impaired simul- 
taneously. [850:4.2.3] 

Indicator control valves should be installed to provide ad- 
equate sectional control of the fire main loop to minimize 
plant protection impairments. [850:4.4.1.4)] 

Each hydrant should be equipped with a separate shutoff 
valve located on the branch connection to the supply main. 
[850:4.4.1.5] 



Interior fire protection loops are considered an extension 
of the yard main and should be provided with at least two 
valved connections to the yard main with appropriate sec- 
tional control valves on the interior loop. [850:4.4.1.6] 

If a sprinkler system is used to protect the coal conveyor, 
particular care should be exercised in locating closed sprin- 
kler so that they will be in the path of the heat produced by the 
fire and still be in a position to provide good coverage of all 
belt surfaces along the conveyor. [850:5.4.6.2.1] 

Protection inside dust collectors should include the clean 
air plenum and the bag sect ion. If the hopper is shielded from 
water discharge, sprinklers also should be provided in the 
hopper section. 

All areas beneath the turbine-generator operating floor 
that are subject to oil flow, oil spray, or oil accumulation 
should be protected by an automatic sprinkler of foam-water 
sprinkler system. This coverage normally includes all areas be- 
neath the operating floor in the turbine building. 
[850:5.7.4.1.1] 

Lubricating oil lines above the turbine operating floor 
should be protected with an automatic sprinkler system cover- 
ing those areas subject to oil accumulation including the area 
within the turbine lagging (skirt). [850:5.7.4.1 .2] 

Turbine-generator bearings should be protected with a 
manually or automatically operated closed-head sprinkler sys- 
tem u ti 1 i z i n g direc ti o n al nozzles. [850:5.7.4.2. 1 ] 

Due to the large quantity of platforms, equipment, and 
walkways, care should be taken to include coverage under all 
obs tr u c ti o n s greate r th an 4 f t ( 1 . 2 m ) wi d e . ( 850 : 7 . 4. 4 . 8 ) 

A. 1 3.32. 1 Sprinkler System Discharge Criteria for Hydroelec- 
tric Generating Plants. See NFPA 85 1 , Recommended, Practice for 

Fire Protection for Hydroelectric Generating Plants, for applicable 
terms not defined in Chapter 3. 

( 1 ) Sprinkler Systems Water Supply. Th e wa te r s u pply f o r th e p e r- 
manent fire protection installation should be based on 
th e 1 arges t fi xed fi re su p p ress ion sys te m d e m an d pi u s th e 
maximum hose stream demand of not less than 500 gpm 
(31 .5 L/sec) for a 2-hour duration. [851:4.2.2] 

(2) If a single water supply is utilized, two independent con- 
nections should be provided. If a situation can arise in 
which the primary water supply can become unavailable 
(e.g., dewatering of penstocks), an auxiliary supply 
should be provided. Each supply should be capable of 
meeting the requirements in 4.2.2 of NFPA 851. 
[851:4.2.3] 

( 3 ) Fixed fire pro tecti o n fo r th is e q u ip m e n t, wh e re p rovi ded , 
should be automatic wet pipe sprinkler systems utilizing a 
design density of 0.25 gpm/ft 2 (10.2 mm/min) for the 
entire hazard area (see 3.5.3 of NFPA 803). [851:5.2.4] 

(4) Sprinkler or water spray systems should be designed for a 
density of 0.3 gpm/ft 2 (12.2 mm/min) over 2500 ft 2 
(232 m 2 ). This coverage is for area protection. Individual 
cable tray tier coverage could be required based on the 
Fire Risk Evaluation. [851:5.5.3] 

(5) Cable Tunnels. Automatic sprinkler systems should be de- 
signed for a density of 0.3 gpm/ft 2 (12.2 mm/rain) over 
2500 ft 2 (232 m 2 ) or the most remote 100 linear ft (30 m) 
of cable tunnel up to 2500 ft 2 (232 m 2 ). [851:5.6.1] 

(6) Emergency Generators. Sprinkler and water spray protection 
systems should be designed for a 0.25 gpm/ft 2 (10.2 mm/ 
min) d e nsi ty ove r th e fi re area . [851:5.11.2] 
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(7) Air Compressors. Automatic sprinkler protection, with a 
density of 0.25 gpm/ft 2 (10.2 mm/min) over the postu- 
lated oil spill, should be considered for air compressors 
containing a large quantity of oil. (See 4.8.2 ofNFPA 851.) 
[851:5.12] 

(8) Hydraulic Systems for Gale and Valve Operators. Automatic 
sprinkler protection designed for a density of 0.25 gpm/ 
ft 2 (10.2 mm/min) over the fire area should be consid- 
ered for hydraulic systems not using a listed fire-resistant 
fluid. (See 4.8.2 ofNFPA 851.) [851:5.13] 

(9) Fire Pumps. If sprinkler systems are provided they should 
be designed for a density of 0.25 gpm/ft 2 (10.2 mm/min) 
over the fire area. For automatic foam-water sprinkler sys- 
tems, ad e nsi ty of 0.16 gpm /ft 2 (6.5mm/ inin) sh ou 1 d be 
provided. [851:5.14] 

A.13.32.2 Upstream water is frequently the fire protection 
water supply. Water for fire suppression should not be taken 
downstream from any closure device in a penstock, flume, or 
forebay. [851:4.2.6] 

Fi re ex ti n gu i s hi n g sys te m s , wh ere i n stal led fo r 1 u be oil sys- 
tems employing combustible-type oil, should include protec- 
tion for the reservoirs, pumps, and all oil lines, especially 
where unions exist on piping and beneath any shielded area 
where flowing oil can collect. Facilities not provided with 
curbs or drains should extend coverage for a distance of 20 ft 
(6.1 m) from the oil lines, when measured from the outermost 
oil line. [851:5.2.7] 

A.13.33.1 Sprinkler systems for specific areas associated with 
religious facilities should be designed as follows: 

(1) All assembly areas, except state — Light. Hazard 

(2) Stages — Ordinary Hazard (Group 2) 

(3) Kitchens — Ordinary Hazard (Group 1) 

(4) Storage rooms — Ordinary Hazard (Group 2) 

(5) Unused attics/ lofts/ steeples/ concealed spaces — Light 
Hazard 

(6) Schools/ day-care centers — Light Hazard 

(7) Gift shops — Ordinary Hazard (Group 1) 

(8) Special exhibit area — Ordinary Hazard (Group 2) 

(9) Libraries — Ordinary Hazard (Group 2) 

(10) Offices — Light Hazard 

[909: A. 10.4.2] 

A. 14.1 Preliminary plans should be submitted for review to 
the authority having jurisdiction prior to the development of 
working plans [see Figure A. 14.1(a)]. The preliminary plans can 
be part of the construction documents submitted in order to 
obtain a building permit However, working drawings in accor- 
dance with Section 14.1 should be submitted and approved 
prior to the installation of system equipment. Preliminary 
plans should include as much information as is required to 
provide a clear representation of the hazard to be protected, 
the system design concept, the proposed water supply configu- 
ration, and building construction information pertinent to 
sy s te m 1 ay o u t a n d cl e ta i 1 i n g . 

The Owner's Information Certificate shown as Figure 
A. 14. 1(b) should be used to obtain a declaration of the in- 
tended rise of the occupancy to be protected. 

Drawings that accompany the certificate should include 
the following: 

(1) Name of owner and occupant. 

(2) Location, including street address. 

(3) Point of compass. 



(4) Construction and occupancy of each building. 

(5) Building height in feet. 

(6) Waterflow test information. If a waterflow test of the city 
main is available, the drawings should indicate the date 
and time of the test, the name of the party that con- 
ducted the test, the location of the hydrants where the 
flow was taken and where static and residual pressure 
readings were recorded (see A. 15.2.1), the size and con- 
figuration of mains supplying the hydrants, the size and 
number of open hydrant butts flood, and results of the 
test. 

( 7 ) Bu i 1 d i n g f e atu res s u c h as c o m bu s lib! e con ceale d spaces , 
floor openings, areas subject to freezing, and areas from 
which it is intended to omit sprinkler protection. 

(8) Proposed location and approximate size, if a water sup- 
ply employing pumps or tanks is contemplated. 

(9) Name and address of party submitting the preliminary 
plans. 

(10) Te n ta ti ve 1 ocati on of 1 1 n de rgroun d m aj or pi pi n g, i n cl ud- 
ing mains, risers, overhead mains, and fire department 
connections. 

A.14.1.1 See Figure A. 14.1.1. Underground mains should be 
designed so that the system can be extended with a minimum 
of expense. Possible future plant expansion should also be 
considered and the piping designed so that it will not be cov- 
ered by buildings. 

A.14.1.5 See Figure A. 14.1.5(a) and Figure A.I4.L5(b). 

A.14.3. 2 See Figure A. 14.3.2(a) through Figure A.14.3. 2(d). 

A.14.3.3 See Figure A.14.3.3. 

A.14.3.3(15) See Figure A.14.3. 3(15). 

A.14.3.4 See Figure A.14.3.4. 

A. 14.4.1 When additional sprinkler piping is added to an ex- 
isting system, the existing piping does not have to be increased 
in size to compensate for the additional sprinklers, provided 
the new work is calculated and the calculations include that 
portion of the existing system that can be required to carry 
water to the new work. It is not necessary to restrict the water 
velocity when determining friction losses using the Hazen- 
Williams formula. 

A.14.4.4 See Figure A.14.4.4. 

A.14.4.4.1 See Figure A. 14.4.4. 1(a) and Figure A. 14.4.4.1(b). 

A.14.4.4.2 See Figure A. 14.4.4.2. 

A.14.4.4.3.2 See Figure A.14.4.4.3.2. 

A.14.4.4.3.4 This subsection assumes a ceiling constructed so 
as to reasonably ensure that a fire on one side of the ceiling 
will operate sprinklers on one side only. Where a ceiling is 
sufficiently open, or of such construction that operation of 
spri n kl e rs above a n d below the c e i 1 i n g can be a n ti ci p ate d , th e 
operation of such additional sprinklers should be considered 
in the calculations. 

A. 14.4.4.4 When it is not obvious by comparison that the de- 
sign selected is the hydraulically most remote, additional cal- 
culations should be submitted. The most distant area is not 
necessarily the hydraulically most remote. 

A. 14.4.4.6 The use of sprinklers with differing orifice sizes in 
situations where different protection areas are needed is not con- 
sidered balancing. An example would be a room that could be 
protected with sprinklers having different orifice size in closet, 
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FIGURE A. 14. 1(a) Typical Preliminary Plan. 
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foyer, and room areas. However, this procedure introduces diffi- 
culties when restoring a system to service after operation since it 
is not always clear which sprinklers go where. 

A. 14.4.4.7 Where the normal pressure (PJ is used to calcu- 
late the flow from an orifice, the following assumptions should 
be used: 

(1) At any flowing outlet; along a pipe, except the end outlet, 
only the normal pressure (PJ can act on the outlet. At the 
end outlet the total pressure (P t ) can act. The following 
should be considered end outlets: 

(a) The last flowing sprinkler on a dead-end branch line 

(b) The last flowing branch line on a dead-end cross 
main 

(c) Any sprinkler where a flow split occurs on a gridded 
branch line 

(d) Any branch line where a flow split occurs on a looped 
system 

(2) At any flowing outlet along a pipe, except the end outlet, 
the pressure acting to cause flow from the outlet is equal 
to the total pressure (P f ) minus the velocity pressure (PJ 
on the upstream (supply) side. 



(3) To find the normal pressure (PJ at any flowing outlet, 
except the end outlet, assume a flow from the outlet in 
question and determine the velocity pressure (PJ for 
the total flow 7 on the upstream side. Because normal 
pressure (P n ) equals total pressure (P { ) minus velocity 
pressure (PJ, the value of the normal pressure (PJ so 
found should result in an outlet flow approximately 
equal to the assumed flow; if not, a new value should be 
assumed, and the calculations should be repeated. 

A. 14.5.1 The demonstrated effectiveness of pipe schedule 
sys te m s i s 1 imi ted to thei r use wi th Mm n . ( 1 3-m m ) o ri fi ce s p ri n - 
klers. The use of other size orifices can require hydraulic cal- 
culations to prove their ability to deliver the required amount 
of water within the available water supply. 

A. 14. 5. 1.4 Where the construction or conditions introduce 
unusually long runs of pipe or many angles in risers or feed or 
cross mains, an increase in pipe size over that called for in the 
schedules can be required to compensate for increased fric- 
tion losses. 
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Owner's Information Certificate 

Name/Address of property to be protected with sprinkler protection: 



Name of Owner: . 



Existing or planned construction is: 

□ Fire resistive or noneombustiblc 

□ Wood frame or ordinary (masonry walls with wood beams) 
Q Unknown 

Is the system installation intended for one of the following special occupancies: 

Aircraft hangar 

Fixed guideway transit system 

Race track stable 

Marine terminal, pier, or wharf 

Airport terminal 

Aircraft engine test facility 

Power plant 

Water-cooling tower 

If the answer to any of the above is "yes ," the appropriate NFPA standard should be referenced for sprinkler density/area criteria. 

Indicate whether any of the following special materials are intended to be present: 

Flammable or combustible liquids 

Aerosol products 

Nitrate film 

Pyroxylin plastic 

Compressed or liquefied gas cylinders 

Liquid or solid oxidizers 

Organic peroxide formulations 

Idle pallets 

If the answer to any of the above is "yes," describe type, location, arrangement, and intended maximum quantities. 



□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 



□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 



(NFPA 13, 1 of 2) 



FIGURE A.14.1(b) Owner's Information Certificate. 



A. 14.5.2.6 For example, a 2 '/£-in. (64-mm) steel pipe, which is 
permitted to supply 30 sprinklers, can supply a total of 50 
sprinklers where not more than 30 sprinklers are above or 
below a ceiling. 

A. 14.5.3.9 For example, a 3-in. (76-mm) steel pipe, which is 
permitted to supply 40 sprinklers in an ordinary hazard area, 
can supply a total of 60 sprinklers where not more than 40 
sprinklers protect the occupied space below the ceiling. 

A. 1 4 . 5 . 4 T h e pi p i n g sc h ed u 1 e s h own i n Table A. 14.5.4 is re- 
printed only as a guide for existing systems. New systems for 



extra hazard occupancies should be hydraulically calculated 
as required in 14.5.4. 

A. 14.7 In the design of an exposure protection system, the 
flow rate from window and cornice sprinklers is shown in 
Table 14.7. The flow rates are based on the guide numbers 
selected from Table 4.3.7.3 of NFPA80A, Recommended Practice 
for Protection of Buildings from. Exterior Fire Exposures. 

Section A of the table is for window sprinklers. The orifice 
size is selected according to the level on which the sprinkler is 
located. Section B of the table is for cornice sprinklers. 
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Indicate whether the protection is intended for one of the following specialized occupancies or areas: 

Spray area or mixing room 

Solvent extraction 

Laboratory using chemicals 

Oxygen-fuel gas system for welding or cutting 

Acetylene cylinder charging 

Production or use of compressed or liquefied gases 

Commercial cooking operation 

Class A hyperbaric chamber 

Cleanroom 

Incinerator or waste handling system 

Linen handling system 

Industrial furnace 

Water- cooling tower 

If the answer to any of the above is "yes," describe type, location, arrangement, and intended maximum quantities. 



Will there be any storage of products over 12 ft (3.6 m) in height? 

□ Yes QNo 

If the answer is "yes," describe product, intended storage arrangement, and height. 



□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 


□ Yes 


□ No 



Will there be any storage of plastic, rubber, or similar products over 5 ft (1.5 m) high except as described above? 

□ Yes QNo 

If the answer is "yes," describe product, intended storage arrangement, and height 



I certify that I have knowledge of the intended use of the property and that the above information is correct. 



Signature of owner's representative or agent: 
Date: 



Name of owner's representative or agent completing certificate (print): - 
Relationship and firm of agent (print): 



(NFPA13,2of2) 



FIGURE A. 14. 1 (b) Continued 



A. 15. 1.5 Evaluation of the water supply and environmental 
conditions does not necessarily require a water sample analysis 
by a laboratory. Instead, general knowledge of the long-term 
condition of sprinkler systems with similar piping materials in 
similar environments on the same water supply can be a suffi- 
cient evaluation. 

There are several options to address the effects of MIC on 
sprinkler systems. Some types of sprinkler pipe such as CPVC 
have not shown to be affected by MIC. Other types of pipe are 
being manufactured with a biofilm that resists the effects of MIC. 

Where water supplies are treated with biocides, evaluation 
of the effects of the biocide on sprinkler system components 



(pipe, fittings, sprinklers, gaskets, valves, and seals) is just as 
important as evaluating the effect the biocide has on the or- 
ganisms. Where water treatment is selected as the method to 
deal with MIC, all water entering the system during testing or 
flushing needs to be treated so that the organisms don't get a 
chance to establish themselves. 

Since all of the conditions that can effect the growth of 
MIC are unknown, a plan to sample randomly selected inte- 
rior positions in the system can be effective. The frequency 
and location of the interior inspections will depend on the 
extent of the known MIC problem with the same water supply 
and similar environmental conditions. 
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FIGURE A. 14. 1 . 1 Typical Working Plans. 



A.15.1.6.2 Where die system riser is close to an outside wall, 
1111 d e rg ro n 11 d 11 t ti 11 gs of p rop e r 1 e 11 g th s ho u 1 d be used i n. o r- 
d e r to a vo i d p i pe j o i n ts 1 o ca te d i n o r u 11 d e r t.h e wa 1 1 . W 1 1 e re 
the connection passes through the foundation wall below 
grade, a 1-in. to 3-in. (25-mm to 76-mm) clearance should be 
provided around the pipe and the clear space hi led with as- 
p 1 1 a 1 1 mas ti c or s im i la 1 ' ilex i b 1 e wa te 1 p ro oil n g m ate rial . 

A. 15. 1.7 Where water meters are in the supply lines to a 
sprinkler system, they should be rated to deliver the proper 
system demand. The amount of water supplied through a wa- 
ter meter varies with, its size and type and might not provide 
t h e req u i re d d e n 1 a n d , re ga id less of th e wa te r s u p p 1 y a va i 1 a b 1 e . 

A.15.1.8 Where connections are made from public water- 
works systems, such systems should be guarded against pos- 
si b 1 e co n ta m i n a ti o n as fo I ! o ws (see A WWA Ml 4, Recommended 
Practice far Back/low Pnwenlion and Gross Connection Control): 

(1) For private fire service mains with direct connections 
fro m p u b 1 i c wa te t "wo r k s n i a i n s o n 1 y o r w i th b o o s te r p u m p s 
installed in the connections from the street mains, no 
tanks or reservoirs, no physical connection from other 
water supplies, no antifreeze or o titer additives of any 



kind, and with all drains discharging to atmosphere, dry 
well, or other' safe outlets, no backilow protection is rec- 
om m e n d e d a t th e se rvi c e c 01 1 n e c t i o n . 

( 2 ) Fo v p 1 i va te 11 re s e rv ice mains w i th d i r e c t c o n n e c ti o n fro 1 n 
the public water supply main plus one or more of the 
fbl lowing: elevated storage tanks or fire pumps taking suc- 
tion from abovegrotmd covered reservoirs or tanks (all 
storage facilities are filled or connected to public water 
only and the water in the tanks is to be maintained in a 
potable condition), an approved double check valve as- 
sembly is recommended. 

( 3 ) Fo r p r i va te 11 re s e rv i c e m a ins d i re c tly s u p p I i e d fro 1 n p u b- 
lic mains with an auxiliary water supply such as a pond or 
river on or available to the premises and dedicated to lire 
department use; or for systems supplied horn public 
mains and interconnected with auxiliary supplies, such as 
pumps taking suction from reservoirs exposed to con- 
tamination or rivers and ponds; driven wells, mills, or 
other industrial water' systems; or for systems or portions 
o 1 sys te in s whe re a 1 1 ti free ze o r o th e r sol u t i o n s a re used, a n 
approved reduced pressure zone-type backilow preventer' 
is recommended. 
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Heat pump detail: 

Typical section of connections between 

sprinkler branch lines and heat pump 

1. Branch line 

2. "World-wide" model "E" globe valve 

3. "Wunway" model "S" check valve 

4. Dielectric union 

5. Tarenheit" model #72 heat pump 



Notes: 

1 , Wet pipe automatic sprinkler system 
with auxiliary connections for heating 

and air conditioning equipment. 
Ordinary hazard occupancy, 130 ft 2 
maximum spacing. 

2. A dotted line ( ) denotes auxiliary 

heating and air-conditioning piping. 
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Heat pump detail: 

Typical section of connections between 
sprinkler branch lines and heat pump 

1. Branch line 

2. "World-wide" model "E" globe valve 

3. Dielectric union 

4. "Farenheit" model #72 heat pump 

5. Water return line 



Notes: 

1 . Wet pipe automatic sprinkler system 
with auxiliary connections for heating 
and air conditioning equipment. 
Ordinary hazard occupancy, 130 ft 2 
maximum spacing. 

2. A dotted line ( ) denotes auxiliary 

heating and air-conditioning piping. 




80 ft in. 



286' 



286° 



Circulating pump 
"Empeiior" Model PS-1 



-t- Globe valve in auxiliary 

■ito* piping system 

K, Check valve in auxiliary 

\^ piping system 

tU:- > Heat pump in auxiliary 

,,.,., J piping system 



Heat 

exchanger 
"Centigrade" 
Model 007 
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Hydraulic Calculations 

for 
A&C Company, employee garage 

7499 Franklin Road 

Charleston, SC 



Contract No. 
Date_ 



4001 



1-7-99 



Design 

Occupancy classification ORP. OR- 1 
Density 0- 15 gpm/ft 2 
Area of application 1500 ft 
Coverage per sprinkler 150 ft 
Special sprinklers ZZZZ 



No. of sprinklers calculated 

In-rack demand HZH 

Hose streams 25 ° flf 7 " 1 

Total water required 



12 



510.4 



including hose streams 



gpm 



Name of contractor . 
Name of designer __ 
Address 



Authority having jurisdiction 



FIGURE A.14.3.2(a) Summary Sheet. 



A. 15.2.1 Care should be taken in making water tests to be 
used in designing or evaluating the capability of sprinkler sys- 
tems. The water supply tested should be representative of the 
supply that might be available at the time of a fire. For ex- 
ample, testing of public water supplies should be done at times 
of normal demand on the system. Public water supplies are 
likely to fluctuate widely from season to season and even 
within a 24-hour period. Allowance should be made for sea- 
sonal or daily fluctuations, for drought conditions, for possi- 
bility of interruption by flood, or for ice conditions in winter. 
Testing of water supplies also normally used for industrial use 
should be done while water is being drawn for industrial use. 
The range of industrial-use demand should be taken into ac- 
count. In special situations where the domestic water demand 
could significantly reduce the sprinkler water supply, an in- 
crease in the size of the pipe supplying both the domestic and 
sprinkler water can be justified. 

Future changes in water supplies should be considered. For 
example, a large, established, urban supply is not likely to 
change greatly within a few years. However, the supply in a 
growing suburban industrial park might deteriorate quite rap- 
idly as greater numbers of plants draw more water. 



Dead-end mains should be avoided, if possible, by arrang- 
i ng for mai n s suppl i ed fro m bo th d i re c ti o n s . Wh e n p r i vate fi re 
service mains are connected to dead-end public mains, each 
situation should be examined to determine if it is practical to 
request the water utility to loop the mains in order to obtain a 
more reliable supply. 

Testing of Water Supply. To determine the value of public 
water as a supply for automatic sprinkler systems, it is generally 
necessary to make a flow test to determine how much water 
can be discharged at a residual pressure at a rate sufficient to 
give the required residual pressure under the roof (with the 
volume flow hydraulically translated to the base of the riser) 
— that is, a pressure head represented by the height of the 
building plus the required residual pressure. 

The proper method of conducting this test is to use two 
hydrants in the vicinity of the property. The static pressure 
should be measured on the hydrant in front of or nearest to 
the property and the water allowed to flow from the hydrant 
n ext n e ai e s t th e p r o p e r ty, p r ef e r ab 1 y t h e o n e t a r th e s t fro m t h e 
sou r c e o f s u p p ly i f th e m ai nisfedonlyo n e way. T he r e s i d u a 1 
pressure will be that indicated at the hydrant where water is 
not flowing. 

Re fe rri n g to Figure A. 1 5 . 2 . 1 , th e m e th od o f c o n d u c ti n g th e 
flow tests is as follows: 

( 1 ) Attac h th e gau ge to the hyd ra n t (A) a n d o b tai n s la ti c p res- 
sure. 

(2) Either attach a second gauge to the hydrant (B) or use the 
pi tot tube at the outlet. Have hydrant (S) opened wide 
and read pressure at both hydrants. 

(3) Use the pressure at (B) to compute the gallons flowing 
and read the gauge on (A) to determine the residual pres- 
sure or that which will be available on the top line of 
sprinklers in the property. 

Water pressure in pounds per square inch for a given 
height in feet equals height multiplied by 0.434. 

in making flow tests, whether from hydrants or from 
nozzles attached to hose, always measure the size of the orifice. 
While hydrant outlets are usually 2V-i in. (64 mm), they are 
sometimes smaller and occasionally larger. The Underwriters 
Laboratories play pipe is V/x in. (29 mm) and TKi in. (44 mm) 
with the tip removed, but occasionally nozzles will be 1 in. 
(25.4 mm) or l!/i in. (33 mm), and with the tip removed the 
opening can be only Vh in. (38 mm). 

The pi tot tube should be held approximately one-half the 
diameter of the hydrant or nozzle opening away from the 
opening. It should be held in the center of the stream, except 
that in using hydrant outlets the stream should be explored to 
ascertain the average pressure. 

For further information on water supply testing, see 
NFPA 29 1 , Recommended Practice for Fire Flow Jesting and- Marking 
of Hydrants. 

A. 15.2.2 An automatically controlled vertical turbine pump 
tak i n g su c ti o n f r o m a r e s e rvo i r , pond, lake, r i ve r , o r we 1 1 c o in - 
plies with 15.2.2. 

See sections dealing with sprinkler equipment supervisory 
and water flow alarm services in NfPA 72, National Fire Alarm 
Code. 
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Group I — 1500 ft 2 

Density 0.15 gpm/ft 2 
from Table 11.2.3.1.5.1 



,T ?i? ?i? ?+? ?•!? ?i? ?i? ?+? ?i? ? 

260.4 gpm 



See calculations 
in Figure A.M. 3.2(c) 




Indicating gate 
valve 
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Elevation View 



/\ Reference step 

FIGURE A. 14.3.2(b) Hydraulic Calculation Example (Plan View and Elevation View). 
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HnntrartNamfi GROUP! 1500 ft 2 Sheet 2 Of...? 


b 

-z. 

Q_ 

& 
CO 


Nozzle 

Ident. 

and 

Location 


Flow 

in 
gpm 


Pipe 
Size 


Pipe 
Fittings 

and 
Devices 


Equiv. 

Pipe 

Length 


Friction 

Loss 

psi 

Foot 


Pressure 
Summary 


Normal 
Pressure 


P = 0.15 G?W ft 2 

Notes 

K = 5.6 


CO 
DC 


1 


1 


BL-1 


q 


1 




L 13.0 


C=120 
0.124 


P t 12.1 


Pt 


= 130x0.15 = 19.5 
P = (19.5/5.6) 2 = 12.1 psi 
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P e 


Pv 
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1% 




L 13.0 
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4 




F 


Pe 


Pv 


Q 62.1 




T 13.0 
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Pn 
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Pt 
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P e = 1 x 0.433 
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FIGURE A.14.3.2(c) Hydraulic Calculations. 
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FIGURE A.14.3.2(d) Hydraulic Graph. 
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Contract no. 



Sheet no. 



of_ 



Name and location 



Flow 
Nozzle in Pipe 
type and gpm size 
Reference location (L/min) (in.) 


Fitting 

and 

devices 




Pipe 

equivalent 

length 


Friction 
loss 
psi/ft 

(bar/m) 


Required 

psi Normal 
(bar) Pressure 


Notes 
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length 
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P t = total pressure; P f = friction loss pressure; P v = velocity pressure; P e = elevation pressure 



FIGURE A. 14.3.3 Sample Worksheet. 
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© 
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a 201 .38 
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@ 
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© 
271.18 

© 



A.15. 2.3.3 For pipe schedule systems, the air pressure to be 
carried and the proper proportion of air in the tank can be 
de te rmined fro m the fo 1 1 ovvi n g form ulas wh ere : 

P= air pressure carried in pressure tank 

A - proportion of air in tank 

H= height of highest sprinkler above tank bottom 

When the tank is placed above the highest sprinkler, use 
the following formula: 



A 



15 



If A = V$ , then /> = 90 - 15 = 75 lb psi 
If A. = Vi , then JP = 60 - 15 - 45 lb psi 
If A = % , then P = 45 - 15 - 30 lb psi 

When the tank is below the level of the highest sprinkler, 
use the following formula: 



P = 



30 



-15 + - 



0.434/-/ 



A A 

HA = i A,thenP=75 + iMH 
If A = Vz , then P= 45 + 0.87// 
If A - % , then P= 30 + 0.65// 



FIGURE A.14.3.3(15) Example of Hydraulically Remote 
Area — Grid System. 
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FIGURE A. 14.3.4 Sample Graph Sheet. 
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Calculated area A 2 , 12 ft ■ between sprinklers 
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10 ft between lines 
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C 



A £ 

Notes: 

1 . For gridded systems, the extra sprinkler (or sprinklers) on branch 
line 4 can be placed in any adjacent location from B to Eat the 
designer's option. 

2. For tree and looped systems, the extra sprinkler on line 4 
should be placed closest to the cross main. 

Assume a remote area of 1 500 ft 2 with sprinkler coverage of 1 20 ft 2 

Design area 



Total sprinklers to calculate 



Area per sprinkler 
1500 



120 

1 .2\M 



: 12.5, calculate 13 



Number of sprinklers on branch line - 

o 
Where: 

A ~ design area 
S - distance between sprinklers on branch line 



Number of sprinklers on branch line = = 3.87 

12 

For SI units, 1 ft = 0.3048 m; 1 ft 2 - 0.0929 m 2 , 



FIGURE A. 14.4.4 Example of Determining the Number of 
Sprinklers to Be Calculated. 
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1 This sprinkler is not in the selected area of operation. 

FIGURE A. 14.4.4. 1(a) Example of Hydraulically Most De- 
manding Area. 



The respective air pressures above are calculated to ensure 
that the last; water will leave the tank at a pressure of 15 psi ( 1 bar) 
when the base of the tank is on a level with the highest sprinkler 
or at such additional pressure as is equivalent to a head corre- 
sponding to the distance between the base of the tank and the 
highest sprinkler when the latter is above the tank. 

For hydraulically calculated systems, the following formula 
s h ou 1 d be use d to d e te r n i i n e th e tan k p ress u re an d ratio o f ai r 
to water: 

R+15 

i) -- 1 15 

A 

where: 

P, ~ tank pressure 

p. - p ress u re re q u i re d fro m h yd rat 1 1 i c c al cu 1 ati o n s 

A - proportion of air 

Example: H yd ra u 1 i c cal c u lati o n s i n d i cate 75 psi (5.2 bar) is re- 
quired to supply the system. What tank pressure will be required? 



P 



S + 15 



-15 



0.5 
p. = 180-15 = 165 psi 

For SI units, I ft - 0.3048 m; 1 psi - 0.0689 bar. 
In this case, the tank would be filled with 50 percent air and 
50 percent water, and the tank pressure would be 165 psi 



(11.4 bar). If the pressure is too high, the amount of air car- 
ried in the tank will have to be increased. 

Pressure tanks should be located above the top level of 
s p r i n kl e is bu t can be 1 oc ate d in the base m e n t o r e 1 sew h e i e . 

A. 16.2. 1.12 Hydrostatic tests should be made before the 
joints are covered so that any leaks can be readily detected. 
Thrust blocks should be sufficiently hardened before hyclro- 
s ta ti c tes ti n g i s be gu n . I f th e j o i n ts a re cove red w i th ba c k.fi 1 1 
prior to testing, the contractor remains responsible for locat- 
i n g a nd co r rec ti n g an y 1 e akage in e xc ess of th a t p e rm i tied . 

The pipelines h ou 1 d be p re pa re cl 24 h ot i rs p r i o r to tes ti n g 
by filling it with water in such a manner as to remove all air. 
The test press tire should be applied to stabilize the system, 
wh i c h s h o 1 1 1 d m i n i m i ze 1 o s s e s d 1 1 e to e n t r a p p e d a i r , c h a n g e s i n 
wat e r te m pe ratu re , d i s te n ti o n o 1 c o m po n e n ts u n d e r p ress u re , 
m o ve meiu o f ga s k e ts , an d ab s o r p t i o n o f a i i ' by t h e w a te r a n d 
water by the pipe wall. 

A. 1 6. 2 . 1 . 1 5 Valve s i so I a ti n g th e s ec ti o n to be te s ted m i gh t n o t 
be "d ro p-ti gh t. " W h e n s u c h 1 ea kage i s s u s p e c te cl , tes t b 1 a n ks o f 
th e ty p e requ i red i n 16.2.1. 1 5 s h ou 1 cl be used i n a in a n n e r th a l 
includes the valve in the section being tested. 

A. 1 6. 2 . 3 . 2 Whe n th e acee p ta n c e te s t i s be i n g pe r fo rm ed d u r- 

i n g f r e e z i n g c o n d i ti o n s , a p a r ti a 1 II o w t r i p te s t s h ou 1 d b e c o n - 
ducted at that time and the full flow trip test specified should 
be c o n d u c ted as so o n a s co n d i ti o 1 1 s pe rm i t. 
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FIGURE A. 14.4.4. 2 Example of Determining the Most Re- 
mote Area for a Gridded System. 
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2 ft (0.62 m) 



10 ft (3.1 m) 



-2 ft (0.62 m) 



-12 ft (3.72 m) 



FIGURE A.14.4.4.3.2 Sprinkler Design Area. 



Table A. 14.5.4 Extra Hazard Pipe Schedule 



FIGURE A. 14.4.4. 1(b) 

manding Area. 



Example of Hydraulically Most De- 



A.16.5 See Figure A.I6. 5. 

A.17.1.3(4) The backbone of the fire protection philoso- 
phy for U.S. flagged vessels and passenger vessels that trade 
internationally is limiting a fire to the compartment of ori- 
gin by passive means. Materials that do not withstand a 
1-hour fire exposure when tested in accordance with ASTM 
E 119, Standard Test Methods for Fire Tests of Building Construc- 
tion and Materials, are considered "heat sensitive." [See Figure 
A. 17. 1.3(4) J 



Steel 


Copper 


1 in. 


1 sprinkler 


lin. 


1 sprinkler 


l'/4in. 


2 sprinklers 


1 >/ 4 in. 


2 sprinklers 


VA> in. 


5 sprinklers 


114 in. 


5 sprinklers 


2 in. 


8 sprinklers 


2 in. 


8 sprinklers 


2 , /2in. 


15 sprinklers 


2/2 in. 


20 sprinklers 


3 in. 


27 sprinklers 


3 in. 


30 sprinklers 


3^4 in. 


40 sprinklers 


3^ in. 


45 sprinklers 


4 in. 


55 sprinklers 


4 in. 


65 sprinklers 


5 in. 


90 sprinklers 


5 in. 


100 sprinklers 


6 in. 


150 sprinklers 


6 in. 


170 sprinklers 



For SI units, 3 in. = 25.4 mm. 
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Gauge attached 
to hydrant to 
show static and 
residual pressures 



Gauge attached to 
hydrant or pitot tube 
to register flowing 
pressure 



Pitot tube 



f f ; 

77777\\n777777777777777777777777777777777T7\ 



A 



\ 
^- Public main 

FIGURE A. 15.2.1 Method of Conducting Flow Tests. 



This system as shown on company 

print no dated 

for , 

at contract no 

is designed to discharge at a rate of gpm/ft 2 

(L/min/m 2 ) of floor area over a maximum area of 

ft 2 (m 2 ) when supplied with water at a rate of 

gpm (Umin) at psi (bar) at the base of the riser. 

Hose stream allowance of gpm (Umin) 

is included in the above. 

Occupancy classification 

Commodity classification , 

Maximum storage height 



FIGURE A.16.5 Sample Nameplate. 



A.17. 1.3(8) Some types of sprinkler systems can closely re- 
semble marine systems, such as a system installed on a float- 
ing structure that has a permanent water supply connection 
to a public main. For these types of systems, judgment 
should be used in determining if certain aspects of Chapter 
17 are applicable. 

A.17.1.3(9) A marine thermal barrier is typically referred to 
as a B-15 boundary. 

A. 17. 1.4 In addition to the examples provided in A. 5. 1, Table 
A. 17. 1.4 provides additional examples of occupancy defini- 
tions of typical shipboard spaces. 

The classifications in Table A.17. 1.4 are not meant to be 
applied without giving consideration to the definition of each 
occupancy hazard given in the standard. Table A. 17.1.4 is gen- 
eral guidance for classification of typical spaces. Where a space 
is outfitted such that the occupancy definitions indicate that 
another classification would be more appropriate, the most 



International Shore Connection 



Threads to mate hydrants 
and hose at shore facilities 



Threads to mate hydrants 
and hose on ship — 7 




0.75 in 

(19 mm) 



Shore 
Material: Any suitable for 150 psi 
(10.3 bar) service (shore) 
Flange surface: Flat face 
Gasket material: Any suitable for 
150 psi (10.3 bar) service 
Bolts: Four%-in. (16-mm) minimum 
diameter, 2-in. (51 -mm) long, 
threaded to within 1 in. (25.4 mm) 
of bolt head 
Nuts: Four, to fit bolts 
Washers: Four, to fit bolts 



Ship 

Material: Brass or bronze 
suitable for 150 psi (10.3 bar) 
service (ship) 



FIGURE A. 17. 1.3(4) International Shore Fire Connection. 



representative and most demanding occupancy classification 
should be used. For example, it would certainly be possible to 
outfit a stateroom to require upgrading the occupancy to or- 
dinary hazard, Group 1. 

When a vessel undergoes modifications, alterations, or ser- 
vice changes that significantly affect the fire risk of the occu- 
pancy of one or more compartments, the occupancy classifica- 
tion should be reevaluated to determine if it has changed. 

A. 1 7 . 1 .5 Ex p e r i e nc e h as s h o w n th a t s tr u c t u re s that a re pa r- 
tially sprinklered can be overrun by well-developed fires 
originating in unsprinklered areas. Therefore, the entire 
vessel should be sprinklered whenever sprinkler systems are 
considered. 

A.17. 2.1 Sprinklers with a nominal K- factor of 2.8 or less 
coupled with a system strainer minimize the potential for 
clogging. 

A. 17.2.2 Where a marine thermal barrier is penetrated, lim- 
iting the opening around the sprinkler pipe to Vm\ in. 
( 1 . 6 m m ) is co n s id e r ed as m ee ti n g th is re q u i re in e n t. 

A. 17.2.4.1 When n on ferrous materials are used, consider- 
ati o n shou Id be give n to pro t e c ti n g agai n s t gal va n i c co r r os i o n 
where the n on ferrous materials connect to steel pipe. Consid- 
er rati o n sh o u 1 d al so be gi ve n to pro te c ti o n aga i n s t gal va n i c co r- 
rosion from pipe hangers in areas of high humidity. 
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Table A. 17. 1.4 Examples of Shipboard Space Occupancy Classification 



Space Types Included 



Occupancy Type 



CFR 1 



SOLAS'* 



Examples 



Light hazard l 3 , 2, 3, 4, 5, 6, 7, 8 4 , 13 1 : \ 2, 3, 4, 5, 6, 7, 8, 9 

Ordinary hazard (Group 1) 8 4 , 9 4 12, 13 4 



O rd i n ary h a zard ( G ro u p 2 ) 9 A , 1 1 4 



1 in 11 4 



Extra hazard (Group 1) 1, 9 4 , 10, 11 



4 in n 4 



Extra hazard (Group 2) 1, 9\ 10, 1 1 



12 4 , 13 4 



1, 12 4 ,13 4 



1, 12 4 ,13 4 



Accommodation spaces 

Small pantries 

Galleys 

Storage areas 

Sales shops 

Laundries 

Pantries with significant storage 

Sales shops 

Storage areas 

Stages (with sets) 

Machine shops 

Auxi 1 iary m ach i n ei) — 1 im i ted com b us tible 

liquids 5 

Steering rooms — combustible hydraulic 

fluid in use 5 

Auxiliary machinery — with combustible 

liquids 

Machinery spaces 5 



1 Space type designations are given in 46 CFR 72.05-5. 

~ Spa c e ty p e d e s i g n a I i o n s a re g i ve n i n t h e Interna I ion al Convention for the Safety of Life at Sea, 1974 ( S O LAS 7 4 ) , 

as amended, regulations 1 1.-2/ 3 and JI-2/26. 

^Primarily for accommodation-type control stations, such as the wheel house, which would not include 

ge n e r a to r roo n i s o r s i m i 1 a r- typ e s p aces . 

"'Depends on storage type, quantity, and height and distance below sprinkler. 

;> Automatic sprinklers typically will not be the primary means of protection in these areas; total flooding 

systems are usually used. 



The piping between the sea chest and the sprinkler zone 
valves are likely to see the frequent flow of salt water when 
testing. Sprinkler zone piping will rarely, if ever, be exposed to 
saltwater. In such an event, NFPA25, Standard far the Inspection, 
Testing, and Maintenance of Water-Based Fire Protection Systems, re- 
quires flushing of the piping. Even if the piping is not flushed, 
tlie salt water will not be replenished and wall lose oxygen 
content in fairly short order. 

Even if galvanized, the failure from corrosion from the 
interior of the pipe is likely to be at all threaded connec- 
tions, welded assembly connections, and where brass sprin- 
klers thread into ferrous pipe. Only hot dipped galvanized 
after fabrication of assembly (as opposed to simply hot 
dipped galvanized pipe and fittings) will protect against 
s o m e of th o se fa i 1 u res . H. o t d i ppe d gal van i ze d af te r f abr i ca- 
tion of assembly is practical from the sea chest to the sprin- 
kler manifold where spaces are open and pipe is relatively 
la rge a n d u s e s I la n ge d ta ke d o wn j oi n ts instead of th read e d 
unions. Hot dipped galvanized after fabrication of assembly 
i s n o t p rac ti c a 1 i n th e s p r i n k 1 e r zone pipe w h e re i t i s m ai n ly 
field lit. 

A. J 7.2.5.1 When designing supports, the selection and spac- 
i n g o f pipe s u p p o r ts s h o u 1 d ta ke i n to ac c o u n t th e p i p e d im e n - 
sions, mechanical and physical properties of piping materials 
and supports, operating temperature, thermal expansion ef- 
fects, external loads, thrust forces, vibration, maximum accel- 
erations, differential motions to which the system might be 
subjected, and the type of support. 

The route of the vessel is intended to be descriptive of its 
usual operating area. For example, expected motion of the 



system on an ocean vessel is expected to be considerably 
greater than the motion of a vessel that operates on a river. A 
vessel that operates within the confines of any of the Great 
Lakes is expected to subject the system pipe to greater motion 
than would a vessel that operates on a lake such as Lake Tahoe. 

It is recommended that the designer review the require- 
ments for au tomati c sp ri n kl e r sys te m s that are s u b j e c t to e ar th- 
quakes. While it is obvious that shipboard motions and accel- 
erations differ from those that occur during an earthquake, 
the general principle of protecting the piping system against 
damage applies. Individual hanger design, however, will be 
very similar. 

Earthquake protection does not apply to ships; however, 
motions are similar to those that a ship will experience in a 
seaway. The design principles discussed in this section should 
be used as a guide for shipboard system design. 

A. 17.2.5.3 Use of heat-sensitive materials for pipe hangers 
and supports might be desirable in some eases. Where heat- 
sensitive materials are used, the hangers and supports should 
be adequately protected by either the direct application of 
insulation or installation behind a marine thermal barrier. In- 
sulation materials applied directly to hangers should be insu- 
lated in accordance with the method provided in Society of 
Naval Architects and Marine Engineers Technical Research 
Bulletin 2-21, "Aluminum Fire Protection Guidelines." 

A. 17. 2.5.4 Consideration should be given to increasing the size 
of rods and U-hooks as necessary, to account for service and op- 
erational loading, including ship motion and vibrations. 
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A. 17. 2. 6.1 Shipboard installations will normally require 
more than one valve per water supply. Locking valves in the 
open position is not an acceptable substitute for the require- 
ment of 17.2.6.1 but can be done in addition to the supervi- 
sion requirement. 

A. 17.2.7.1 International Shore Connections are portable uni- 
versal coupling's that permit connections of shipboard sprinkler 
or fi remain systems between one ship and another or between a 
shore facility and a ship. Both the ship and the shore facility are 
expected to have an International Shore Connection fitting such 
that in an emergency they can be attached to their respective fire 
hoses and bolted together to permit charging the ship's system. It 
must be portable to accommodate hose-to-hose connection and 
allow assistance from any position. 

Ins talk ti o n of an additi o nal fi re boat co n n ec ti o n m igh t be 
required on -board vessels whose route is such that regular ac- 
cess to fire boats is possible. An additional fire boat connec- 
tion might not be necessary where fire boats are equipped to 
connect to the regular fire department connection. (See 
A. 17.2.7.7/) 

A. 17.2.7.7 Selection of the pipe thread for the fire depart- 
ment connection should be done very carefully. It is recom- 
mended that a 2 1 /mu. (63.5-mm) Siamese connection with Na- 
tional Standard Hose Thread be used since a majority of fire 
department hose lines will be compatible with this thread. 
However, it must be noted that some fire jurisdictions might 
not be compatible with a connection of this type. Serious con- 
sideration should be given to the vessel's typical operating 
area. Precautions and planning should avert the possibility of 
the vessel being forced ashore by fire at a location where the 
fire department equipment is not compatible with this con- 
nection. Carriage of extra fittings and p re-voyage arrange- 
ments with all applicable jurisdictions should be considered. 
The International Shore Connection is required to ensure 
that all vessels fitted with sprinkler systems have at least one 
type of co m mo n co n n ec ti o n . 

A. 17.3.1 Special consideration should be given to the installa- 
tion of relief valves in all wet pipe systems. Ambient ship tempera- 
tures can vary greatly depending on operating environment, du- 
ration of voyage, and failure of climate control systems. 

A.17.4.2 Areas fitted primarily with multiple staterooms and 
corridors should be considered sleeping accommodation areas. 

A.17.4.4 If combustibles are present such that they constitute 
a threat, the space should be sprinkle red. One example would 
be the presence of large bundles of unsheathed computer or 
electrical cable. Typical amounts of lighting or control cabling 
should not be considered to constitute a fire threat. 

A. 1 7.4. 1 0. 1 (4) Because of i ts melting point, brazing would be 
considered heat sensitive. The criterion of this paragraph is 
i n ten de d to pe r m i t b razed j oi n ts wi thou t r eq u i ri n g that they 
be installed behind a marine thermal barrier, while maintain- 
ing th e fi re e n d u ran ce pe rf o rm an ce as s tate d i n 1 7.4.10.1 un- 
der reaso nably f o rese eable fai 1 u re m odes . 

A.17.4.12.1 While not required, a dual annunciator alarm 
panel system is recommended. One panel should show the 
piping system layout and indicate status of zone valves, tank 
pressures, water supply valves, pump operation, and so forth. 
The second panel should show the vessel's general arrange- 
ment and indicate status of waterflow (i.e., fire location) 
alarms. 



A.17.5.2 For example, a design area of 1500 ft 2 (139.3 m*) is 
used to design a sprinkler system for an unobstructed light haz- 
ard occupancy. In this case, the system must supply at least seven 
sprinklers that are installed within that area. If eight sprinklers 
are installed to protect windows within this design area, the water 
demand of these sprinklers is added to the total water demand. 
Thus, 1 5 s p r i n kle rs m u s t be s u ppl i eel by th is sys te m . 

A. 17.5.3 Hose stream flow need not be added to the water 
demand. The water supply for fire streams is supplied by sepa- 
rate fire pump(s) that supply the vessel's fire main. 

A. 17.6.4 In vessels, the elevation of sprinklers with respect to 
the water supply varies as the vessel heels to either side or trims by 
the bow or stern. The water demand requirements can be in- 
creased or decreased under these conditions. This requirement 
aligns the operational parameters of this safety system with that 
required for other machinery vital to the safety of the vessel. 

A.17.7.2.7 The purpose of this is to ensure that the pressure 
tank air supply will not keep the tank "fully" pressurized while 
water is expelled, thus preventing pump actuation. 

A.17.7.3.3 NFPA 20, Standard for the Installation of Stationary 
Pumps for Fire Protection, requires that lire pumps furnish not 
less than 150 percent of their rated capacity at not less than 
65 percent of their rated heat. The intention of the require- 
ment of 17.7.3.3 is to limit designers to 120 percent of the 
rated capacity of the pump to provide an additional factor of 
safety for marine systems. 

A.17.7.3.12.2(l) Pumps should not be located within the 
same compartment. However, where this is not reasonable or 
practical, special attention should be given to protecting 
pumps such that a single failure will not render the sprinkler 
sys tern i n o pe rative . [See Figure A. 17.7.3. 12.2(1). ] 

A.17.7.3.13 See Figure A. 17.7.3. 13. 

A. 1 7. 7 .4. 6 Th is p roce d u re s ho u 1 d be use d to q u al i fy eac h wa- 
ter supply to which the vessel is to be attached. For example, 
this might require testing of multiple hydrants or connections 
in the same mooring area. The pressure loss effect of the hose 
or piping leading from the water supply to the ship should also 
be c o n s i d e r e d wh e n q u al ify i n g e ac h h yd rant. 

A. 18.1 Impairments. Before shutting off a section of the fire 
service system to make sprinkler system connections, notify 
the authority having jurisdiction, plan the work carefully, and 
assemble all materials to enable completion in the shortest 
possible time. Work started on connections should be com- 
pleted without interruption, and protection should be re- 
stored as promptly as possible. During the impairment, pro- 
vide emergency hose lines and extinguishers and maintain 
extra watch service in the areas affected. 

When changes involve shutting off water from any consid- 
erable number of sprinklers for more than a few hours, tem- 
porary water supply connections should be made to sprinkler 
systems so that reasonable protection can be maintained. In 
adding to old systems or revamping them, protection should 
be restored each night so far as possible. The members of the 
private fire brigade as well as public lire departments should 
be notified as to conditions. 

Maintenance Schedule. The items shown in Table A. 18.1 
should be checked on a routine basis. 
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Fire department 
shore connection 



Pressure tank 



] \ , j International 
^ I shore 



-M- 



Fresh water 



Backflow 

preventor 

H> 



- Tank fill 



System fill 



M— 1 



From sea chest- 



-M- 



Primary 

fire 

pump 



I 



-H- 



Backup 

fire 

pump 



— M- 

Flow-measuring 
device 



connection 



M -|>4— 



Flow test 
overboard 



-H- 



-To system 



— ) — Check valve 

— $4 — Supervised normally open gate valve 

— [X] — Normally closed gate valve 

FIGURE A.17.7.3.12.2(l) Abbreviated Example of a Dual Fire Pump Water Supply. 



Fresh water 



From sea chest 



From fire main 



Pressure tank 



-H- 



Fire department 
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J International 

^ — ■ — ^ — I shore 

connection 



->- 



Backflow 

preventor 
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r Tank fill 



System \ 



M-* 



-H- 



Primary 

fire 

pump 



-M- 



Flow-measuring 
device 



M -M— 



■# 



J- 



Flow test 
overboard 



M 



- To system 



-> — Check valve 



—$$— Automatically operated, 

normally closed gate valve 

Supervised, normally 
open gate valve 



— |X|— Normally closed gate valve 

FIGURE A.17.7.3.13 Abbreviated Example of a Water Supply with Fire Pump Backup. 
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Table A. 1 8. 1 Maintenance Schedule 



Parts 



Activity 



Frequency 



Flushing piping 
Fire department 


Test 

Inspection 


5 years 
Monthly 


connections 






Control valves 


Inspection 
Inspection 
Inspection 


Weekly — sealed 
Monthly — locked 
Monthly — tamper 
switch 




Maintenance 


Yearly 


Main drain 
Open sprinklers 
Pressure gauge 


Flow test 
Test 

Calibration 
test 


Quarterly — annual 
Annually 


Sprinklers 
Sprinklers — high 


Test 
Test 


50 years 
5 years 


temperature 






Sprinklers — 


Test 


20 years 


residential 






Waterflow alarms 


Test 


Quarterly 


Preaction/deluge 


Test 


Semiannually 


detection system 
Preaction/deluge 


Test 


Annually 


systems 
Antifreeze solution 


Test 


Annually 


Cold weather valves 


Open and 


Fall, close; spring, 


Dry/preaction/deluge 


close valves 


open 


systems 
Air pressure and water 


Inspection 


Weekly 


pressure 
Enclosure 


Inspection 


Daily — cold 
weather 


Priming water level 
Low-point drains 


Inspection 
Test 


Quarterly 
Fall 


Dry pipe valves 
Dry pipe valves 
Quick-opening devices 


Trip test 
Full flow trip 
Test 


Annually — spring 
3 years — spring 
Semiannually 



Annex B Miscellaneous Topics 

This annex is not apart of the requirements of this NFPA document 
but is included for informational purposes only. 

B.l Figure B.l shows acceptable methods for interconnec- 
tion of the fire protection and domestic water supply. 

B.2 Sprinkler System Performance Criteria. 

B.2.1 Sprinkler system performance criteria have been based 
on test data. The factors of safety are generally small, are not 
definitive, and can depend on expected (but not guaranteed) 
inherent characteristics of the sprinkler systems involved. 
These inherent factors of safety consist of the following: 

( 1 ) The flow-declining pressure characteristic of sprinkler sys- 
tems whereby the initial operating sprinklers discharge at 
a higher flow than with all sprinklers operating within the 
designated area. 

(2) The flow-declining pressure characteristic of water sup- 
plies, which is particularly steep where fire pumps are the 
water source. This characteristic similarly produces 
higher than design discharge at the initially operating 
sprinklers. 



■>- 



A 



T\ 



Fire protection 
connection 



To building 



Fire 

protection 

connection 



■ pN^I Domestic 
i- L^N l connection 



Connection within 
building 




Connection in pit 



Water supply main 

FIGURE B. 1 Permitted Arrangements Between the Fire Pro- 
tection Water Supply and the Domestic Water Supply. 



The user of these standards can elect an additional factor 
of safety if the inherent factors are not considered adequate. 

B.2. 1.1 Performance-specified sprinkler systems, as opposed 
to scheduled systems, can be designed to take advantage of 
multiple loops or gridded configurations. Such configurations 
result in minimum line losses at expanded sprinkler spacing, 
in contrast to the older tree- type configurations, where advan- 
tage cannot be taken of multiple path flows. 

Where the water supply characteristics are relatively flat 
with pressures being only slightly above the required sprinkler 
pressure at the spacing selected, gridded systems with piping 
designed for minimal economic line losses can all but elimi- 
nate the inherent flow-declining pressure characteristic gener- 
ally assumed to exist in sprinkler systems. In contrast, the eco- 
nomic design of a tree-type system would likely favor a system 
design with closer sprinkler spacing and greater line losses, 
demonstrating the inherent flow-declining pressure charac- 
teristic of the piping system. 

Elements that enter into the design of sprinkler systems 
include the following: 

( 1 ) Selection of density and area of application 

(2) Geometry of the area of application (remote area) 

(3) Permitted pressure range at sprinklers 

(4) Determination of the water supply available 

(5) Ability to predict expected performance from calculated 
performance 

(6) Future upgrading of system performance 

(7) Size of sprinkler systems 

In developing sprinkler specifications, each of these ele- 
ments needs to be considered individually. The most conser- 
vative design should be based on the application of the most 
stringent conditions for each of the elements. 

B.2. 1.2 Selection of Density and Area of Application. Specifi- 
cations for density and area of application are developed from 
NFPA standards and other standards. It is desirable to specify 
densities rounded upward to the nearest 0.005 gpm/ft 2 
(0.2 mm/min). 
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P r ud e i U el e s i gn s he> u k I c e > n s i el e r r e as o 1 i a b le- t.o-e x p e c t, va r i a- 
li on s i n oc c v i pa n cy. T h is cl es i g n wo n 1 d i n c 1 u d e n o t o n 1 y va r i a- 
1. i o n s i n type of o c c 1 i p an cy, b 1 1 1. a 1 s o , i. n t h e case of ware ho 1 1 s- 
ing, the anticipated future range e>f materiitls to be stored, 
clearances, types of arrays, packaging, pile height, and pile 
s ( a b i l.i ty, as we 1 1 a s o th e r la c to rs . 

.D e s i g n should a 1 s o c o n s i d e r s o i n e d e gre e of a d ve i si ty a (the 
t i m c o f a fi re . To ta ke t h i s i n to a cc o 1 1 n t, th e d e n s i ty a n d / o r 
a re a of a p p 1 i ca ti o n c a n be i i i.c re a se d . A n o tl i e r way is to us e a 
dual-performance specification where, in addition to the nor- 
mal primary specifications, a secondary density and area of 
application are specified. The objective of such a selection is 
to co n t ro 1 t h e d e c 1 i n i n g p i ess 1 1 re-tl o vv c h a rac te i i s ti c o f th e 
s p r i n k 1 e i ■ sys te m bey o n d 1 h e p ri in a ry d es i g n 1 1 ow. 

A case can be made for designing feed and cross mains to 
lower velocities than branch lines to achieve the same result as 
specifying a second density and area of application. 

B.2.1.3 Geometry of the Area of Application (Remote Area). 

It is expected that, over any portion of the sprinkler system 
equivalent in size to the area of application, the system will 
achieve the minimum specified density for each sprinkler 
within that area. 

Where a system is computer-designed, ideally the program 
should verify the entire system by shifting the area of application 
the equivalent of one sprinkler at a time so as to cover all portions 
of the system. Such a complete computer verification of perfor- 
in i a 1 1 c e of th e sys te in i s m o.s t d es i i *a b le , b u t u n lb r tu n a te 1 y n o t al 1 
a va i 1 a b I e con i p u t .e i ' ve ri.fi ca ti c > 1 1 p rog r a nisei rre n tl y d o t his . 

This selection of the proper Haze n -Williams coefficient; is 
important. New unlineel steel pipe lias a .Hazen-Williams coef- 
ficient close to .1.40. However, it quickly deteriorates to 130 
and, after a few years of use, to .1.20. Hence, the basis for nor- 
mal design is a Hazen-Williams coefficient of 120 for steel- 
piped wet systems. A Hazen-Williams coefficient of 1 00 is gen- 
erally used for dry pipe systems because of the increased 
tendency for deposits and corrosion in these systems. How- 
ever, it should be realized that a new system will have fewer 
line 1 oss e s t h an c a I c 1 1 1 a I e d , a i i d t h e d i s t r i b u t i o 1 1 p a t te r n w ill be 
affected accordingly. 

Conservatism can also be built into systems by intentionally de- 
sign i n g to ; 1 1 owe i ' Haze; 1 r-Wi 1 1 i ams coefl:i ci en t tha n th at i 1 1 d icated . 

B.2.1.4 Ability to Predict Expected Performance from Calcu- 
lated Performance. Ability to accurately predict the perfor- 
mance of" a complex array of sprinklers on piping is basically a 
f 1 1 n c t i o n of tli e p i p e 1 i n e ve 1 o c i ty. Th e g i eat e r th e ve; loci ty, th e 

greater is the impact on dilficulHo-assess pressure losses. 
These pressure losses are presently determined by empirical 
m e a n s th a 1 1 os e va 1 i d i ty a s ve 1 oc i t i es i n c re a s e . Th i s i s es p ec i ally 
true for fittings with unequal and more than two flowing ports. 
The inclusion of velocity pressures in hydraulic calcula- 
t: i o n s imp ro ve s the p r e d i c t ab i 1 . i ty o f t h e a c tu a 1 s p r i n kl e r sy s te ni 
p e rfo r rn a n ce . Ca 1 c ul a ti o n s s h o u I d c o n i e a s c lose as prac ticabl e 
to p red i c tin g ae: tt 1 a I p e rfo n n a n ce . Con s erva ti s m i n d es i gn 
should be arrived at intentionally by known and deliberate 
m ea n s . 1 1 s h o u Id n o t be 1 eft to c h a n c e . 

B.2.1.5 Future Upgrading of System Performance. It is desir- 
able in some cases to build into the system the capability to 
achieve' a higher level of sprinkler performance than needed at 
present. If this is to be a consideration in conservatism, consider- 
ation needs to be given to maintaining sprinkler operating pres- 
sures on the lower side of the optimum operating range and /or 
designing for low pipe line velocities, particularly on feed and 
c i "ess i n a i n s , to fa ci li tare li mil -e rei n fo rcem en t . 



Annex C Explanation of Test Data and Procedures 
for Rack Storage 

This annex is not apart of the. reqiiimnents of this Nf PA document 
but is included for informational purposes only. 

C.l Annex C provides an explanation of the test data and 
procedures that led to the development of sprinkler system 
discharge criteria for rack storage applications. Numbers in 
brackets refer to paragraphs in the text. 

C2 [5.6] A review of full-scale lire tests run on the standard 
c o mm od i ty ( d o u b 1 e t r i-wa 1 1 carton wi th rn e ta 1 liner), of Ha 1 1- 
mark products and 3M products (e.g., abrasives, pressure- 
sensitive tapes of plastic fiber, and paper), and of the consid- 
erable number" of commodity tests conducted provides a 
guide for commodity classifications. Such guidance is not re- 
lated to a n y o th e r me th od o f e: lass ill ca ti o n of m a te ri a Is ; t h ere- 
f o re , so u n d e n g i n e e r i n g j u d g m e n t a n d a n al ys i s of th e ce) rn- 
modity and the packaging should be used when selecting a 
c o mm o d i ty c 1 a s s i I i c a t i o n . 

C.3 18.13.3.1] Tests 71, 73, 81, 83, 9.1, 92, 95, and .1.00 in the 
20- ft (6.1 -in) high array involving a single level of in-rack sprin- 
klers were conducted without heat or water shields. Results 
were satisfactory. 

Test .1.1.5 was conducted with two levels of sprinklers in racks 
with shields. Test 116, identical to Test 1.15 but without water 
s h i e 1 d s , p ro elu ce d a lac k of co n. t ro 1 . Vi s u a I. obse rva ti cm of 1 ow e r 
level in-rack sprinklers that did not operate although they 
were in the lire area indicated a need for water shields. 

Tests 1.15 and 1.1.6 were conducted to investigate the neces- 
s i ty for water s hi elds wh e re m u 1 ti pie le ve 1 s of i n -rack spri n kl ers 
are installed. Where water- shields were not installed in Test 
116, tire lire jumped the aisle, and approximately 76 boxes 
we re el a m aged . 1 n Fes t 1 1 5 wi th wa te r s h i e 1 el s , th e li re: el i el no t 
j u m p t: h e a i s le , a n d o n 1 y 3 2 bo x es we re el a ma geel . Ware: r s h ie Id s 
are, therefore, suggested wherever multiple levels of in-rack 
sprinklers are installed, exceptfor installations with horizontal 
barri e rs o i: s h e* 1 ves tha t se r ve as wa te r s h i e 1 el s. 

C .4 [8 . 1 6 . 1 . 8 ] Th e t i m e of o p e ra ti e> n o f t; h e 11 is t s p ri n kl e r var- 
ieel from 52 se con els to 3 minutes and 55 seconds, with .most 
tests under 3 minutes, except in Test 64 (Class 111), where the 
fir's t sprinkler operated in 7 minutes and 44 seconds. Fire de- 
tection more sensitive than water flow is, therefore, considered 
necessary only in exceptional cases. 

C . 5 [8.16.5.1]! n m os t tes ts co n d u c te d , it was n e ces sa r y to use 
s m a 1 1 h os e for m op-u p op e ra ti on s . S m a 1 1 h ose we re not u sed i n 
the high-expansion foam test. 

Test 97 was conducted to evaluate the effect of dry pipe 
sprin kl e r o pe rati o n . Tes t re s ti I ts we re a p p rox i m ate 1 y th e sam e 
as the base test with a wet pipe system. A study of N.F.PA records, 
h o weve r, i n el i ca tes a n i n c rease i n a rea of op e i a ti o 1 1 of 30 pe r- 
cent to be in order for dry pipe systems as compared with wet 
pipe systems. 

C . 6 [ 1 2 . 1 . 1 ] Tes ts we re co n el u c ted as a par t of. th is p ro gra m 
with eave line windows or louvers open to simulate smoke an el 
heat venting. These tests opened 87.5 percent and 91 percent 
more sprinklers than did comparative tests without windows 
or louvers open. Venting tests that have been conducted in 
other' programs were without the benefit of sprinkler protec- 
tion and, as such, are not considered in this report, which 
covers only buildings protected by sprinklers. The design 
curves are based upon the absence of roof vents or draft cur- 
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tains in the building. During mop-up operations, ventilating 
systems, where installed, should be capable of manual exhaust 
operations. 

C.7 [ 1 2. 1 .9 . 1 . 3] No tests were co n d ucted wi th idle pal 1 e Is i n 
racks using standard spray sprinklers. However, tests were con- 
ducted using ESFR and large drop sprinklers. Such storage 
conceivably would introduce fire severity in excess of that con- 
templated by protection criteria for an individual commodity 
classification. 

C.8 [12.2.1.2, 12.3.2.1.7, 12.3.3.1.11] In all valid tests with 
double-row racks, sprinkler water supplies were shut off at ap- 
p rox i rnatel y 60 m i n u te s . 1 n o n ly o tie tes t d i d th e 1 as t s p r i n kl e r 
operate in excess of 30 minutes after ignition; the last sprin- 
kler operated in excess of 25 minutes in three tests, with the 
majority of tests involving the last sprinkler operating within 
20 minutes. 

C . 9 [ 1 2 . 3 J T h e d i sc h a rge c r i te r i a of Sec ti o n 12. 3 uses as a ba- 
sis the large-scale fire test series conducted at the Facto ry Mu- 
tual Research Center, West Glocester, Rhode Island. 

The test building is approximately 200 ft x 250 ft (61 m 
x 76 m) [50,000 ft 2 (4.65 km' 2 ) in area], of fire-resistive 
const r u c ti o n , a n d c o n ta i n s a vo 1 u m e o f ap p r ox i m a te 1 y 2.25 
million ft 3 (63,720 m a ), the equivalent of a 100,000-ft 2 
(9.29-km 2 ) building that is 22.5 ft (6.86 m) high. The test 
bn i 1 d i n g h as two p r i m ary h e i g h ts b e n e a th a s i n gj e large ceil- 
ing. The east section is 30 ft (9.1 m) high, and the west 
section is 60 ft (18.29 m) high. 

The test series for storage height of 20 ft (6.1 m) was con- 
ducted in the 30-ft (9.1-m) section with clearances from the 
top of storage to the ceiling nominally 10 ft (3.1 m). 

Doors at the lower and intermediate levels and ventilation 
louvers at the tops of walls were kept closed during the major- 
ity of the fire tests, which minimized the effect of exterior 
conditions. 

The entire test series was fully instrumented with thermo- 
couples attached to rack members, simulated building col- 
umns, bar joists, and the ceiling. 

Racks were constructed of steel vertical and horizontal 
m e m be rs des i gn ed for 400 0-1 b ( 1 8 1 4-kg) lo ads . Ve r ti cal m em- 
bers were 8 ft (2.4 m) on center for conventional racks and 4 ft 
(1.2 m) on center for simulated automated racks. Racks were 
3 ¥> ft; ( 1 . 07 m ) wi d e wi th 6-i n . ( .1. 5 2 . 4-m m ) Ion gi tu d i n al 11 u e 
space for an overall width of IVi ft (2.29 m). Simulated auto- 
mated racks and slave pallets were used in the main central 
rack in the 4-ft (1.2-m) aisle tests. Conventional racks and co ri- 
ve n ti o n al pal 1 e ts we re u se d i n th e m ai n c e n tral rack i n th e 8- ft 
( 2 . 4-m m ) aisle tests . Th e m a j o r i ty of th e te s ts we re co n d uc ted 
with 100-fr (9.29-m 2 ) sprinkler spacing. 

The test configuration for storage heights of 15 ft (4.6 m), 
20 ft (6.1 m), and 25 ft (7.6 in) covered an 1800-fr (167.2-m 2 ) 
floor area, including aisles between racks. Tests that were used 
in producing this standard limited fire damage to this area. 
Th e m ax i n i u m wa te r da m age area an ti c i pate d i n the s tan d ard 
is 6000 ft 2 (557.4 rn 2 ), the upper limit of the design curves. 

The test data shows that, as density is increased, both the 
extent of fire damage and sprinkler operation are reduced. 
The data also indicates that, with sprinklers installed in the 
racks, a reduction is gained in the area of fire damage and 
sprinkler operations (e.g., water damage). 

Table C.9 illustrates these points. The information shown 
in the table is taken from the test series for storage height of 
20 ft (6.1 m) using the standard commodity. 



Tli e fact th at th e re i s a re d u c ti o n in bo th fi re d a m a gc an d 
area o f wale r ap p 1 i cati o n as s p r i n kl e r d e n s i ties a r e i n c re a .seel 
or wh e re s p r i n k 1 e rs are i n s tal 1 e d i n racks s 1 i on I d be con s i cl e re d 
car ef u I ly by th ose res po n s i b 1 e fo r a p plyin g th is s ta 1 1 d ard to th e 
rac k storage si tu atio n . 

In the test for storage height of 25 ft (7.6 m), a density of 
. 5 5 g p m / f t 2 ( 2 2 . 4 m m / m i n ) p r o d u c e d 4 2 p e re e n t , o r 7 5 6 ( r 
(70.26 m 2 ), fire damage in the test array and a sprinkler- 
wetted area of 1400 ft" (130.1 in 2 ). Lesser densities would not 
be expected to achieve the same limited degree of control. 
Therefore, if the goal of smaller areas of \~\ve damage is to be 
achieved, sprinklers in racks should be considered. 

The test series for storage height; over 25 ft (7.6 m) was 
co n d uc te d i n the 60-f t (18. 3-m ) se c ti o 1 1 o f th e te s t b u i 1 d i n g 
wi th n o m i n a 1 c 1 e a r a n c e s ( i *o n i the to p o f s to r a ge to the c e i 1 i n g 
of either 30 ft (9.1 m) or 10 ft (3. 1 m) . 

Doo rs at th e lowe r a n d i n te r m ed i ate 1 eve Is a n d ve n ti la ti o n 
1 ouve rs a t th e to p o f wa 1 1 s we re ke p t c 1 ose d d u r i n g t h e 11 re 
tests, which minimized the effect of exterior wind conditions. 

The purpose of the tests for storage height over 25 ft 
(7.6 m) was to accomplish the following: 

( 1 ) D e te I'm i n e th e ar ran ge rn e n t o f i n - ra c k s p r i 1 1 kl e rs tl i at c a n 
be re p e ate d as pile 1 1 e i gh t i n c leases an d th a t p rovi d e co n - 
trol of the fire 

(2) Determine other protective arrangements, such as high- 
expansion foam, that provide control of the fire 

Control was considered to have been accomplished if 
the fire was unlikely to spread from the rack of origin to 
adjacent racks or spread beyond the length of the 25- ft 
( 7 . 6-m ) tes t rac k . To a i d i n t h i s j u cl g rn e n t , c o n t ro 1 w a s c o n - 
sidered to have been achieved if the fire failed to exhibit 
th e fo 11 ow i n g c h a ra c t e lis ti cs : 

(1) Jump the 4-ft (1.2-m) aisles to adjoining racks 

(2) Reach the end face of the end stacks (north or south 
ends) of the main rack 

Co n tro 1 i s d e fi n e d a s hoi d i n g th e fi re i n c h e c k th ro u gl i th e 
exti n git ishl n g sys te m u n t i 1 th e c o m rn od i tie s i i i i ti a 1 1 y in vo 1 ved 
are consumed or until the lire is extinguished by the extin- 
gu i slii n g sys te m o r m an u al a i d . 

The standard commodity as selected in the 20-ft (6.1-m) 
test series was used in the majority of tests lor storage over 25 ft 
(7.6m). Hal 1 ma r k p rod u c t s a n d 3 M p rod u c ts d esc r i be d i n th e 
20-ft (6.1-m) test series report also were used as representative 
of Class III or Class IV commodities, or both, in several tests. 
The results of privately sponsored tests on Hallmark products 
and plastic encapsulated standard commodities also were 
made available to the committee. 

A 2 5-f t ( 7 . 6- m ) 1 o n g te s t a r r a y wa s us e d f o r t h e m a jori ty o 1 
th e tes ts fo r s to rage over 2 5 ft (7.6 m ) . Th e d e c i s i o n to use 
such an array was made because it was believed that a fire in 
racks over 25 ft (7.6 m) high that extended the full length of a 
50- ft ( 1 5 . 2 4-m ) 1 on g rac k con 1 d n o the c o n s i cl e re d co n 1 1 o 1 1 e d , 
parti c u 1 a r 1 y a s sto rage h e i g I i ts i n c re ase cl . 

One of the purposes of the tests was to determine arrange- 
ments of in-rack sprinklers that can be repeated as pile height 
increases and that provide control of the lire. The tests for 
storage height of 30 ft (9.1 rn) explored the effect of such 
arrays. Many of these tests, however, produced appreciable 
fire spread in storage in tiers above the top level of protection 
within the racks. (In some cases, a total burnout of the top 
ti e rs o 1 bo th th e m a i n ra c k a n d the t a rge t i a c k o com ed . ) In 
the case of the 30-ft (9.1-m) Hallmark Test 134 on the 6041 
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(18.3-m) site, the material in the top tiers of storage burned 
vigorously, and the fire jumped the aisle above the fourth tier. 
The lite then burned downward into the south end of the 
fourth tier. In the test on the floor, a nominal 30-ft (9.1-m) 
clearance occurred between the top of storage and the ceiling 
sprinklers, whereas on the platform this clearance was re- 
duced to nominal 10 ft (3.1 m). In most cases, the in-rack 
sprinklers were effective in controlling fire below the top level 
of protection within the racks. It has been assumed by the Test 
Planning Committee that, in an actual case with a clearance of 
10 ft (3.1 m) or less above storage, ceiling sprinklers would be 
expected to control damage above the top level of protection 
within the racks. Tests have been planned to investigate lesser 
clearances. 

Tests .114 and 128 explore the effect of changing the igni- 
tion point from the in-rack standard ignition point to a face 
ignition location. It should be noted, however, that both of 
th ese tes ts we re co n d u c te d wi th 30-ft (9.1-m) c I earan ce from 
the ceiling sprinklers to the top of storage and, as such, ceiling 
sprinklers had little effect on the fire in the top two tiers of 
storage. Firespread in the three lower tiers is essentially the 
same. A similar change in the firespread where the ignition 
point is changed was noted in Tests 126 and 127. Once again, 
30-ft (9.1-rn) clearance occurred between the top of storage 
an d th e ce i 1 i n g s pi i n kl e is , and, as such, th e ceiling sprin klers 
had little effect on the face fire. Comparisons of Tests 129, 130, 
and 131 in the test series for storage height of 50 ft (15.24 m) 
indicate little effect of point of ignition in the particular con- 
figuration tested. 

Test 125, when compared with Test 133, indicates no sig- 
nificant difference in result between approved low-profile 
spri n kl e is a n d s la n d a rd s p ri n kl e rs i n th e racks . 

CIO [12.3.1. .7] Temperatures in the test column were main- 
tained below 1000°F (538°C) with densities, of roof ceiling 
sprinklers only, of 0.375 gpin/fr (15.3 mm/min) with 8-ft 
(2.4-m) aisles and 0.45 gpm/ft 2 (18.3 mm/min) with 4-ft 
( 1 . 2-m ) a i s 1 es u s i n g th e s ta n dard com modi ty. 

C.ll [12.3.1.9.1] Test 98 with solid shelves 24 ft (7.3 m) long 
and 7'/> ft (2.3 m) deep at each level produced total destruc- 
tion of the commodity in the main rack and jumped the 
aisle. Density was 0.3 gpm/ft 2 (12.2 mm/min) from the ceil- 
ing sprinklers only. Test 108 with shelves 24 ft (7.3 m) long 
and Vh ft (1 .07 m) deep and with a 6-in. (152.4-mm) longi- 
tudinal flue space and one level of sprinklers in the rack 
r e s u 1 te d i n d a in a ge to m o s t of th e co m m o d i ty i n the m ai n 



rack but did not jump the aisle. Density from ceiling sprin- 
klers was 0.375 gpm/ft 2 (15.3 mm/min), and rack sprin- 
klers discharged at 15 psi (1 bar). 

These tests did not yield sufficient information to develop a 
comprehensive protection standard for solid shelf racks. Items 
such as increased ceiling density, use of bulkheads, other con- 
figurations of sprinklers in racks, and limitation of shelf length 
and width should be considered. 

Where such rack installations exist or are contemplated, 
the damage potential should be considered, and sound engi- 
neeringjudgment should be used in designing the protection 
system. 

Test 98, with solid shelving obstructing both the longitudi- 
nal and transverse flue space, produced unsatisfactory results 
and indicates a need for sprinklers at each level in such a rack 
structure. 

Test 147 was conducted with ceiling sprinklers only. Density 
was 0.45 gpm/ft 2 (18.3 mm/min) with a sprinkler spacing of 
100 ft 2 (9.29 m 2 ). A total of 47 sprinklers opened, and 83 per- 
cent of the commodity was consumed. The fire jumped both 
aisles and spread to both ends of the main and target racks. 
The test was considered unsuccessful. 

Test 148 was conducted with ceiling sprinklers and in-rack 
sprinklers. In-rack sprinklers were provided at each level (top 
of first, second, and third tiers) and were located in the longi- 
tudinal flue. They were directly above each other and 24 ft 
(7.3 m) on center or 22 ft (6.7 m) on each side of the ignition 
flue. Ceiling sprinkler discharge density was 0.375 gpm/ft 2 
(15.3 mm/min). In-rack sprinkler discharge pressure was 
30 psi (2.1 bar). A total of 46 ceiling sprinklers and three in- 
rack sprinklers opened, and 34 percent of the commodity was 
consumed. The fire consumed most of the material between 
the in-rack sprinklers and jumped both aisles. 

C.12 [12.3.1.10] Fire tests with open-top containers in the up- 
per tier of storage and a portion of the third tier of storage 
produced an increase in sprinkler operation from 36 to 41 
sprinklers and a more pronounced aisle jump and increase in 
firespread in the main array. The smooth underside of the 
containers closely approximates fire behavior of slave pallets. 
Installation of in-rack sprinklers or an increase in ceiling 
sprinkler density should be considered. 

C.13 [12.3.1.13] Test 80 was conducted to determine the ef- 
fect of closing back-to-back longitudinal 6-in. (152.4-mm) flue 
spaces in conventional pallet racks. Test results indicated 
fewer sprinklers operating than with the flue space open, and, 



Table C.9 Summary of Relationship Between Sprinkler Discharge Density and the Extent of Fire Damage and Sprinkler 
Operation 



Density (gpm/ft 2 ) 

0.30 (ceiling only) 

0.375 (ceiling only) 

0.45 (ceiling only) 

0.20 (ceiling only) 

0.20 (sprinklers at ceiling and in racks) 

0.30 (sprinklers at ceiling and in racks) 





Fire Damage in 






Test Array 












kjprinKicr v^peraiion 


% 




ft 2 


(165°F)Area(ft 2 ) 


22 




395 


4500-4800 


17 




306 


1800 


9 




162 


700 


28-36 




504-648 


13,100-14,000 


8 




144 


4100 


7 




126 


700 



For SI units; 1 R = 0.3048 m; °C = %(°F - 32); 1 gpm/ft' 2 = 40.746 mm/min. 
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as such, no minimum back-to-back clearance is necessary if the 
transverse flue space is kept open, 

Tests 145 and 146 were conducted to investigate the influ- 
ence of longitudinal and transverse flue dimensions in 
double-row racks without solid shelves. Results were compared 
with Tests 65 and 66. Flue dimensions in Tests 65, 66, 145, and 
146 were 6 in. (152.4 mm), 6 in. (152.4 mm), 3 in. (76.2 mm), 
and 12 in. (0.3 m ) , re spec tive ly. Al 1 o th e r con cli ti o n s we re th e 
same. 

In Tests 65 and 66, 45 and 48 sprinklers operated com- 
pared with 59 and 58 for' Tests 145 and 146, respectively. Fire 
damage in Tests 145 and 146 was somewhat less than in Tests 
65 and 66; 2100 ft 3 (59.51 m 3 ) and 1800 ft* (51 m 3 ) in Tests 
145 and 146, respectively, versus 2300 ft* (65.13 m 3 ) and 
2300 ft 3 (65.13 nr 1 ) in Tests 65 and 66, respectively, of combus- 
tible material were consumed. 

Test results indicate narrow flue spaces of about 3 in. 
(76.2 mm) allow reasonable passage of sprinkler water down 
through the racks. 

Tests 96 and 107, on multiple-row racks, used 6-in. (152.4- 
mm) transverse flue spaces. The water demand recommended 
in the standard is limited to those cases with nominal 6-in. 
(152.4-mm) transverse flues in vertical alignment. 

C.14 [12.3.2.1.1.1] Tests 65 and 66, compared with Test 69, 
and Test 93, compared with Test 94, indicated a reduction in 
areas of application of 44.5 percent and 45.5 percent, respec- 
tively, with high temperature-rated sprinklers as compared 
with ordinary temperature-rated sprinklers. Other extensive 
Factory Mutual tests produced an average reduction of 40 per- 
cent. Design curves are based on this area reduction. In con- 
structing the design curves, the high- temperature curves 
above 3600 ft 2 (334.6 ur) of application, therefore, represent 
40 percent reductions in area of application of the ordinary 
temperature curves in the 6000-fr to 10,000-ft 2 (557. 6- ur to 
9 2 9. 41 -m'~) range. 

Test 84 indicated the number of intermediate 
temperature-rated sprinklers operating is essentially the same 
as ordi n ary tern peratu re-rated sp ri n kl e rs . 

C . 1 5 [ 1 2 .3 . 2 . 1 . 2 . 1 ] Tes ts we re not co n d uc ted w i th aisles wi d e r 
than 8 ft (2.4 m) or narrower than 4 ft (1.2 m) . It is, therefore, 
not possible to determine whether lower ceiling densities 
should be used for aisle widths greater than 8 ft (2.4 m) or if 
higher densities should be used for aisle widths less than 4 ft 
(L2m). 

C.16 [12.3.2.4.2.3] In one 20-ft (6.1-m) high test, sprinklers 
were buried in the flue space 1 ft (0.3 m) above the bottom of 
th e pall e 1 1 oad , a nd r es u 1 ts we re sati sf ac to ry. Cove rage o f ai si es 
by in-rack sprinklers is, therefore, not necessary, and distribu- 
tion across the tops of pallet loads at any level is not necessary 
for the occupancy classes tested. 

C.17 [12.3.2.4.2.6] In all tests with in-rack sprinklers, obstruc- 
tions measuring 3 in. x 3 ft (76.2 mm x 0.3 m) were introduced 
on each side of the sprinkler approximately 3 in. (76.2 mm) 
from the sprinkler to simulate rack structure member obstruc- 
ts o n . Th is o bs tr u c ti o n h ad n o e ffe c t o n sprinkle r p e if o r m a n c e 
in the 20-ft (6.1-m) high tests. 

Tests 103, 104, 105, and 109 in the 30-ft (9.1-m) high test 
with in-rack sprinklers obstructed by rack uprights produced 
unsatisfactory results. Tests 113, 114, 115, 117, 118, and 120 in 
the 30-ft (9.1-m) high test series with in-rack sprinklers located 
a minimum of 2 ft (0.61 in) from rack uprights produced im- 
proved results. 



C.18 [12.3.2.4.3] In all except one case, using the standard 
commodity with one line of sprinklers installed in racks, only 
two sprinklers opened. In the one exception, two sprinklers 
opened in the main rack, and two sprinklers opened in the 
target rack. 

C.19 [12.3.2.4.4 and 12.3.3.4.4] Operating pressures were 15 
psi (1 bar) on all tests of sprinklers in racks with storage 20 ft 
(6.1 m) high and 30 psi (2.1 bar) for storage 30 ft (9.1 in) and 
50 ft (15.24 m) high. 

Tests 112 and 124 were conducted to compare the effect of 
increasing sprinkler discharge pressure at in-rack sprinklers 
from 30 psi to 75 psi (2.1 bar to 5.2 bar). 'With the higher 
discharge pressure, the fire did not jump the aisle, and dam- 
age below the top level of protection within the racks was 
somewhat better controlled by the higher discharge pressure 
of the in-rack sprinklers. A pressure of 15 psi (1 bar) was main- 
tained on in-rack sprinklers in the first 30-ft (9.1-m) high tests 
(Tests 103 and 104). Pressure on in-rack sprinklers in subse- 
quent tests was 30 psi (2.1 bar), except in Test 1 24, where it was 
75 psi (5.2 bar). 

C.20 [12.3.2.5.1.1 and 12.3.3.5.1.1] A full-scale test program 
was conducted with various double-row rack storage arrange- 
ments of a cartoned Group A un expanded plastic commodity 
at the Factory Mutual Research Corporation (FMRC) test fa- 
cility. The series of nine tests included several variations, one 
of wh i c h i n volved th e us e o f th e f o 1 low i n g fo u r d i s t i n c t s h e 1 v- 
ing arrangements: slatted wood, solid wood, wire mesh, and 
no shelving. The results of the testing program, specifically 
Tes ts 1 , 2 , 3 , and 5 , c 1 ea rly d e m o n s date th e a cce p tab 1 e pe i lb r- 
m a n ce of s p ri n kl e r sys te m s p ro te c ti n g s to rage c o n i i g u rati o n s 
that involve the use of slated shelving as described in 
12.3.2.5.1.1 and 12.3.3.5.1.1. As a result of the test program, 
Factor)' Mutual has amended FM Loss Prevention Data Sheet 
8-9 to allow slatted shelving to be protected in the same man- 
ner as an open rack arrangement. 

Complete details of the test program are documented in 
the FMRC technical report .FMRC J. I. 0X1R0..RR, "Large-Scale 
Fi re Tes ts of Rack S to rage G ro u p A PI as ti cs i n Re ta i 1 O pe ra ti o n 
Scenarios Protected by Extra Large Orifice (FLO) Sprinklers." 

C.21 [12.3.3.1.1] In the RSP rack storage test series as well 
as the stored plastics program palletized test series, coin- 
par tm e n te d 1 6-o z (0.4 7-L ) p o 1 ys ty re n e j a rs we re fori n d to 
p ro cl u c e si g n i f i can tl y h i gh e r p r o tec ti o n re q u i re in e n ts th a n 
the same commodity in a nested configuration. Polystyrene 
glasses and expanded polystyrene plates were comparable 
to the nested jars. 

Different storage con figurations with in cartons or different 
products of the same basic plastic might, therefore, require 
reduce d p r o te c t i o n r e q u i re m e n ts . 

In Test RSP- 7 , wi th n o m i n al 1 5-f t ( 4 . 6-m ) h i g h s to ra ge wi th 
compartmented jars, a 0.6 gpm/fr' (24.5 mm/min) density, 
8-ft (2.4-m) aisles, and a I0-ft (3.1-m) ceiling clearance, 29 
sprinklers opened. In Tests RSP-4 with polystyrene glasses, 
RSP-5 with expanded polystyrene plates, and RSP- 16 with 
nested polystyrene jars all stored at nominal 1 5-f t (4. 6-m) 
h ei gh t, 1 0-f t ( 3 . 1 -m ) ce i 1 i n g cl eara nee, 8-ft ( 2 . 4-m ) aisles, an d 
0.6 gpm/ft 2 (24.5 mm/min) density, only four sprinklers 
opened. 

However. Test RSP-11, with expanded polystyrene plates 
an d 6-f t ( 1 . 8-m ) a i si es , d e m o n s trate d an i n c rease i n th e nu tu- 
ber of ope rati n g s p ri n k 1 e rs to 29 . Tes t RS P- 1 w i th ex pa n ded 
polystyrene plates, nominally 15 ft (4.6 m) high with a 10-ft 
(3.1-m) clearance and 8-ft (2.4-m) aisles, but protected only by 
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0.45 gpm/ft 2 (18.3 mm/min) density, opened 46 sprinklers 
and burned 100 percent of the plastic commodity. 

At a nom i n a! 2 0-f t (6.1 -m ) s torage h eigh t wi th 8-f t ( 2 . 4-m ) 
aisles, a 3-ft (0.9-m) ceiling clearance, and a 0.6 gpm/ft 2 
(24.5 mm/min) density opened four sprinklers with polysty- 
rene glasses in Test RSP-2 and 11 sprinklers with expanded 
polystyrene plates in Test RSP-6. In Test RSP-8, however, with 
the ceiling clearance increased to 10 ft (3.1 m) and other vari- 
ables held constant, 51 sprinklers opened, and 100 percent of 
the plastic commodity burned. 

Test RSP-3 with polystyrene glasses at a nominal height of 
25 ft (7.6 m) with a 3-ft (0.9-m) ceiling clearance, 8-ft (2.4-m) 
aisles, and 0.6 gpm/ft 2 (24.5 mm/min) ceiling sprinkler den- 
sity in combination with one level of in-rack sprinklers, re- 
sulted in four ceiling sprinklers and two in-rack sprinklers op- 
erating. Test RSP-9, with the same configuration but with 
polystyrene plates, opened 12 ceiling sprinklers and three in- 
rack sprinklers. 

No tests were conducted with compartmented polystyrene 
jars at storage heights in excess of a nominal 15 ft (4.6 m) as a 
part of this program. 

C.22 [12.3.3.1.5] The protection of Group Aplastics by extra 
large orifice (ELO) sprinklers designed to provide 0.6 gpm/ 
ft 2 /2000 ft 2 (24.5 mm/min/186 m 2 ) or 0.45 gpm/fr/2000 ft 2 
(18.3 mm/min/186 m 2 ) without the installation of in-rack 
sprinklers was developed from full-scale testing conducted 



with various double-row rack storage arrangements of a car- 
toned Group Aunexpanded plastic commodity at the Factory 
Mutual Research Corporation (FMRC) test facility. The results 
of this test program are documented in the FMRC technical 
report, FMRC J.I. 0X1R0.RR, "Large-Scale Fire Tests of Rack 
Stored Group A Plastics in Retail Operation Scenarios Pro- 
tected by Extra Large Orifice (ELO) Sprinklers." The test pro- 
gram was initiated to address the fire protection issues pre- 
sented by warehouse-type retail stores with regard to the 
display and storage of Group A plastic commodities including, 
but not limited to, acrylonitrile-butadiene-styrene copolymer 
(ABS) piping, polyvinyl chloride (PVC) hose and hose racks, 
tool boxes, polypropylene trash and storage containers, and 
patio furniture. Tests 1 and 2 of this series included protection 
of the Group A plastic commodity stored to 20 ft (6.1 m) un- 
der a 27-ft (8.2-m) ceiling by a design density of 0.6 gpm/ft 2 
(24.5 mm/min) utilizing ELO sprinklers. The results of the 
testing program clearly demonstrate the acceptable perfor- 
mance of sprinkler systems that protect storage configurations 
involving Group A plastics up to 20 ft (6.1 m) in height under 
a 27-ft (8.2-m) ceiling where using ELO sprinklers to deliver a 
design density of 0.6 gpm/ft 2 (24.5 mm/min) and Group A 
plastics up to 14 ft (4.3 m) in height under a 22-ft (6.7-m) 
ceiling where using ELO sprinklers to deliver a design density 
of 0.45 gpm/ft 2 (18.3 mm/min). The tabulation of the perti- 
nent tests shown in Table C22 demonstrates acceptable per- 
formance. 



Table C.22 Summary of Test Results for Plastic Commodities Using 5 /s-in. (15.9-mm) Orifice Sprinklers 

Date of Test 



Test Parameters 



8/20/93 



8/25/93 



9/2/93 



10/7/93 



2/17/94 



2/25/94 



4/27/94 



Type of shelving 

Other conditions/ — 

inclusions 
Storage h e i gh t ( f t-i n . ) 19-1 1 
Number of tiers 6 a 

Clearance to 6-10/6-3 

ceiling/sprinklers 

(ft-in.) 
Longitudinal/ 

transverse flues 

(in.) 
Aisle width (ft) 
Ign iti on ce n te re d 

below (number of 

sprinklers) 
Sprinkler orifice size 

(in.) 
Sprinkler 

tern pe ratu re rati n g 

(°F) 
Sprinkler RTI 

(It-sec) l/2 
Sprinkler spacing 

(ft x ft) 
Sprinkler 

identification 
Constant water 

pressure (psi) 
Minimum density 0.6 

(gpm/ft 2 ) 



Slatted wood Slatted wood Slatted wood 



71/2 

2 



0.64 



165 



300 



8x 10 



ELO-231 



19 



19-11 



6-10/6-3 



6/6 to 714 6/6to7'/2 



71/2 

2 



0.64 



286 



300 



8x 10 



ELO-231 



19 



0.6 



15-4 

5 b 
11-5/10-10 



6/6 to 7 



71/2 

1 



0.64 



286 



300 



8x 10 



ELO-231 



19 



Slatted wood Slatted wood Slatted wood Wire mesh 

— Draft curtains Draft — 

curtains 

15-4 19-11 19-11 13-11 

5 b 6 a 6 b 3 

11-5/10-10 6-10/6-3 6-10/6-3 8-4/7-9 



6/6to7'/2 6/6to7'/L> 



6/6 to 7/2 6/3 c 



0.6 



7'/2 

1 


714 
2 


VA 
2 


7'/2 

1 


0.64 


0.64 


0.64 


0.64 


165 


165 


286 


286 


300 


300 


300 


300 


8 x 10 


8x 10 


8 x 10 


10 x 10 


ELO-231 


ELO-231 


ELO-231 


ELO-231 


19 


19 


19 


15.5 


0.6 


0.6 


0.6 


0.45 
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Table C.22 Continued 











Date of Test 








Test Results 


8/20/93 


8/25/93 


9/2/93 


10/7/93 


2/17/94 


2/25/94 


4/27/94 


First sprinkler 


2:03 


2:25 


1:12 


0:44 


1:25 


0:52 


0:49 


operation (min:sec) 
















Last sprinkler 


2:12 


15:19 


6:34 


7:34 


15:54 


14:08 


10:58 


operation (min:sec) 
















Total sprinklers 


4 


9 


7 


13 


35 


18 


12 


opened 
















Total sprinkler 


205 


450 


363 


613 


1651 


945 


600 


discharge (gpm) 
















Average discharge per 


51 


50 


52 


47 


47 


52 


50 


sprinkler (gpm) 
















Peak/ maximum 


1107/566 


1412/868 


965/308 


662/184 


1575/883 


1162/767 


1464/895 


1-min average gas 
















temperature (°F) 
















Peak/ maximum 


185/172 


197/196 


233/232 


146/145 


226/225 


255/254 


502/500 


1-min average steel 
















temperature (°F) 
















Peak/maximum 


27/15 


25/18 


18/1 5 cl 


14/10 d 


26/23 


20/18" 


33/20 


1-min average 
















plume velocity 
















(ft/sec) 
















Peak/ maximum 


0.6/0.5 


2.0/1.9 


2.8/2.5 


1.1/0.8 


1.0/0.9 


4.8/3.0 


1.6/1.4 


1-min heat flux 
















(Btu/ft 2 /sec) 
















Aisle jump, east/west 


None 


8:24/None 


5:35/10:10 


None 


None 


V8:18 


V None 


target ignition 
















(min:sec) 
















Equivalent number of 


3 


9 


6 


5 


12 


13 


12 


pallet loads 
















consumed 
















Test duration (min) 


30 


30 


30 


30 


30 


30 


30 


Results acceptable 


Yes 


Yes 


Yes 


Yes 


No' 


No g 


Yes 



For SI units, I ft = 0.305 m; 1 in. = 25.4 mm; °F= (1.8 x °C) + 32; °C - (°F - 32)/L8; 1 psi - 0.069 bar; 1 gpm 

= 3.8 L/min; 1 ft/sec - 0.31 m/sec; 1 gpm/ft 2 - 40.746 mm/min. 

a Main (ignition) racks divided into live or six tiers; bottom tiers each approximately 2 ft (0.6 m) high and 

upper tiers each about 5 ft (1.5 m) high; wood shelving below commodity at second through fifth tiers. 

h Main (ignition) racks divided into five or six tiers; bottom tiers each approximately 2 ft (0.6 m) high and 

upper tiers each about 5 ft (1.5 m) high; wood shelving below commodity at second through fifth tiers; wire 

mesh shelving below commodity at sixth tier or below fifth (top) tier commodity. 

c Transverse flues spaced 8 ft (2.4 m) apart [versus VA ft (1 .1 in) apart in all other tests]. 

f ' I n s tr u m e n tati o n 1 oca te d 5 ft (1.5m) no r th o f i gn i ti o n . 

v - Minor surface damage to cartons. 

1 H igh wa te r d e m an d . 

g Excessive firespread; marginally high water demand. 



C.23 [12.3.4.1.1] The recommended use of ordinary 
temperature-rated sprinklers at ceiling for storage higher 
than 25 ft (7.6 m) was determined by the results of fire test 
data. A test with high temperature-rated sprinklers and 
0.45 gpm/ft 2 (18.3 mm/min) density resulted in fire damage 
in the two top tiers just within acceptable limits, with three 
ceiling sprinklers operating. A test with 0.45 gpm/ft 2 
(18.3 mm/min) density and ordinary temperature-rated 
sprinklers produced a dramatic reduction in fire damage with 
four ceiling sprinklers operating. 

The four ordinary temperature-rated ceiling sprinklers op- 
erated before the first of the three high temperature-rated 



ceiling sprinklers. In both tests, two in-rack sprinklers at two 
levels operated at approximately the same time. The high 
temperature-rated sprinklers were at all times fighting a 
larger fire with less water than the ordinary temperature-rated 
ceiling sprinklers. 

Tests 115 and 119 compare ceiling sprinkler density of 
0.3 gpm/ft^ (12.2 mm/min) with 0.45 gpm/ft- (18.3 mm/ 
min). Damage patterns coupled with the number of boxes 
damaged in the main rack suggest that the increase in density 
produces improved control, particularly in the area above the 
top tier of in-rack sprinklers. 
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Te s Ls 1 1 9 a n d 1 2 2 c o m p a re ceiling s p r i n k 1 e r te in p e i a- 
ture ratings of 286°F ( 14I°C) and 165°F (74°C). A review of 
the number of boxes damaged and the fi res p read patterns 
indicates that the use of ordinary temperature-rated ceil- 
ing sprinklers on a rack configuration that incorporates in- 
rack sprinklers dramatically reduces the amount of fire- 
spread. Considering that in -rack sprinklers in the tests for 
storage over 25 ft (7.6 m) operated prior to ceiling sprin- 
klers, it would seem that the installation of in -rack sprin- 
klers converts an otherwise rapidly developing fire, from 
th e s ta n d p o i n t of c e i 1 i n g s p ri n kl e rs , to a s low e r d eve 1 o pi n g 
fire with a lower rate of heat release. 

1 1 1 th e 2 0-f t ( 6 . 1 -id ) h i gh tes t seri es , ce i 1 i n g sp ri n kl ers op er- 
ated before in-rack sprinklers. In the 30-ft (9.1-m) high series, 
ceiling sprinklers operated after in-rack sprinklers. The 50-ft 
( 1 5 . 24-i n ) 1 1 i gh test d i d n ot o pe ra te ceil in g sprinklers. Ceiling 
sprinklers would, however, be needed if fire occurred in upper 
levels. 

The results of these tests indicate the effect of in-rack sprin- 
klers on storage higher than 25 ft (7.6 in). From the ceiling 
sprinkler operation standpoint, a lire with an expected high 
heat release rate was converted to a lire with a much lower 
heat release rate. 

Since the fires developed slowly and opened sprinklers at 
two levels in the racks, only a few ceiling sprinklers were 
needed to establish control. Thus, the sprinkler operating 
area does not vary with height for storage over 25 ft (7.6 in) or 
fo r c ha n ge s i n s p ri n k 1 e r te m pe rat u re ra ti n g a n d d e n si ty. 

All tests with sprinklers in racks were conducted using 
nominal Vi-m. ( 12.7-mm) orifice size sprinklers of ordinary 
temperature. 



Annex D Sprinkler System Information from the 
1997 Edition of the Life Safety Code 

77m annex is not a pari of the requirements of this NFPA document 
but is included for informational purposes only. 

D.l Introduction. This annex is provided as an aid to the 

u s e r of N F.PA 1 3 by i cl e n ti fy i n g those p o r ti o n s of th e 1 997 
edition of .10.1, Life Safely Code, that pertain to sprinkler sys- 
te in d es i gn a n d i n s ta 1 1 a ti o n . 1 1 i s n o t i n te nd ed th at th is an - 
nex provide complete information regarding all aspects of 
fire protection addressed by NFPA 101. It is important to 
note that this information was not copied from NFPA 101 
u s i n g N F PA ' s ex t r a c t p o I i cy an d i s n o t i n te n d e d to b e a pa r t 
of t h e re q u ire in e n ts o f NFPA 1 3 . Wh i 1 e th e 1 997 e d i t i o n of 
the Life Safely Code was the most current at the time of the 
publication of the 1999 edition of NFPA .13, a 2000 edition 
of the Life Safety Code\$ in preparation. 

D.2 Definitions. See NFPA 101, Life Safety Code, for terms not 
defined in Chapter 3. 

D.3 Atriums. Glass walls and inoperable windows shall be per- 
mitted in lieu of the lire barriers where automatic sprinklers 
are spaced 6 ft (1.8 m) apart or less along both sides of the 
glass wa 1 1 a n d i nop e ra bl e wi n d ows , not mo re t ha n 1 ft ( . 3 m ) 
from the glass, and with the automatic sprinklers located so 
that the entire surface of the glass is wet upon operation of the 
sprinklers. The glass shall be tempered, wired, or laminated 
glass held in place by a gasket system that permits the glass 
f r a m i n g s ys te m to d e 11 e c t wi th o u t b r e a k i n g ( 1 o a d i n g ) th e gl ass 
before the sprinklers operate. Automatic sprinklers shall not 
be required on the atrium side of the glass wall and inoperable 



windows where there is no walkway or other floor area on the 
atrium side above the main floor level. Doors in such walls 
shall be glass or other material that will resist the passage of 
smoke. Doors shall be sell-closing or automatic-closing upon 
detection of smoke. [101:6.2.4.6, Exception No. 2 to (a)] 

D.4 Connection to Domestic Water Supply. Sprinkler piping 
serving not more than six sprinklers for any isolated hazardous 
area shall be permitted to be connected directly to a domestic 
water supply system having a capacity sufficient to provide 0.1 5 
gpm/sq ft (6.1 L/min/sq m) of floor area throughout the 
entire enclosed area. An indicating shut-off valve shall be in- 
stalled in an accessible location between the sprinklers and 
the con n ec ti o n to th e d o m es ti c wate r su p ply. [ 1 01 :7 . 7 . 1 . 2 ] 

D.5 Supervision. [101:7.7.2] 

D.5.1 Supervisory Signals. Where supervised, automatic 
sprinkler systems are required by another section of NFPA 101, 
supervisory attachments shall be installed and monitored for 
integrity in accordance with NFPA 72, National Fire Alarm Code, 
and a distinctive supervisory signal shall be provided to indi- 
cate a condition that would impair the satisfactory operation 
of the sprinkler system. This shall include, but not be limited 
to, monitoring of control valves, fire pump power supplies and 
running conditions, water tank levels and temperatures, pres- 
sure of tanks, and air pressure on dry-pipe valves. Supervisory 
signals shall sound and shall be displayed either at a location 
within the protected building that is constantly attended by 
qualified personnel or at an approved, remotely located re- 
ceiving-facility. [101:7.7.2.1] 

D.5. 2 Alarm Signal Transmission. Where supervision of auto- 
matic sprinkler systems is provided in accordance with an- 
other provision of NFPA 101, waterfiow alarms shall be trans- 
mitted to an approved, proprietary alarm receiving facility, a 
remote station, a central station, or the fire department. Such 
connection shall be installed in accordance with 7.6.1.4 of 
NFPA 101. [101:7.7.2.2] 

D.6 Stages. 

D.6.1 Sprinklers shall not be required for stages 1000 sq ft 
(93 sq m) or less in area and 50 ft (15 rn) or less in height 
where curtains, scenery, or other combustible hangings are 
not retractable vertically. Combustible hangings shall be lim- 
ited to a single main curtain, borders, legs, and a single back- 
drop. [101:8.4.5.10, Exception No. 1] 

D.6. 2 Sprinklers shall not be required under stage areas less 
than 4 ft (1.2 m) in clear height used exclusively for chair or 
table storage and lined on the inside with -Va-in. (1.6-cm) 
Type X gypsum wall board or the approved equivalent. 
[101:8.4.5.10, Exception No. 2] 

D.7 Exhibition Booths. The following shall be protected by 
automatic extinguishing systems: 

( 1 ) Single-level exhibit booths greater than 300 sq ft (27.9 sq m) 
and covered with a ceiling. 

(2) Throughout each level of multilevel exhibit booths, in- 
cluding the uppermost level if the uppermost level is cov- 
ered with a ceiling. 

(3) A single exhibit or group of exhibits with ceilings that do 
not require sprinklers shall be separated by a minimum of 
10 ft (3 m) where the aggregate ceiling exceeds 300 sq ft 
(27.9 sqm). 
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The water supply and piping for the sprinkler system shall 
be permitted to be of approved temporary means taken from 
an existing domestic water supply, an existing standpipe sys- 
tem, or an existing sprinkler system. 

Exception No. 1: Ceilings that are constructed of open grate design, or 
listed dropout ceilings in accordance luith NFPA 13, Standard for the 
Installation of Sprinkler Systems, shall not be considered ceilings 
within the context of this section. 

Exception No. 2: Vehicles, boats, and similar exhibited products hav- 
ing over 100 sq ft (9.3 sq m) of roofed area shall be provided with 
smoke detectors acceptable to the authority having jurisdiction. 

Exception No. 3: Where fire protection of multilevel exhibit booths is 
consistent with the criteria developed through a life safely evaluation of 
the exhibition hall in accordance with 8.4.1 of NFPA 101, subject to 
approval of the authority having jurisdiction. (See A. 8. 2. 3. 2 of 
NFPA 101.) 

[101:8.7.5.3.7] 

D.8 Proscenium Curtain. The proscenium opening" of every 
legitimate stage shall be provided with a curtain constructed 
and mounted so as to intercept hot gases, flames, and smoke 
and to prevent flame from a fire on the stage from becoming 
visible from the auditorium side for a 5-min period where the 
curtain is of asbestos. Other materials shall be permitted if 
they have passed a 30-rnin fire test in a small scale 3 ft x 3 ft 
(0.9 m x 0.9 m) furnace with the sample mounted in the hori- 
zontal plane at the top of the furnace and subjected to the 
standard time-temperature curve. 

The curtain shall be automatic-closing without the use of 
applied power. 

All proscenium curtains shall be in the closed position ex- 
cept during performances, rehearsals, or similar activities. 

Exception No. 1: In lieu of the protection required herein, all the 
folloiving shall be provided: 

( 1 ) A noncombustible opaque fabric curtain shall be arranged so that 
it will close automatically; and 

(2) An automatic, fixed waterspray deluge system shall be located on 
the auditorium side of the proscenium opening and shall be ar- 
ranged so that the entire face of the curtain ivill be wetted. The 
system shall be activated by combination of rate-ofrise andfixexl- 
temperature detectors located on the ceiling of the stage. Detectors 
shall be spaced in accordance with their listing. The water supply 
shall be controlled by a deluge valve and shall be sufficient to keep 
the curtain completely wet for 30 min or until the valve is closed by 
fire department personnel; and 

(3) The curtain shall be automatically operated in case of fire by a 
combination of rate-ofrise and fixed-temperature detectors that 
also activates the deluge spray system. Stage sprinklers and vents 
shall be automatically operated by fusible elements in case of fire; 
and 

( 4 ) Operation of the st age sprinkler system or spray deluge valve sh a 11 
automatically activate the emergency ventilating system and close 
the curtain; and 

(5) The curtain, vents, and spray deluge system valve shall also be 
capable of manual operation. 

Exception No. 2: Proscenium fire curtains or ivater curtains com- 
plying with 8.4.5. 7 of NFPA 101. 

[101:9.4.5.7] 

D.9 Listed quick response or listed residential sprinklers shall 
be used throughout smoke compartments containing patient 
sleeping rooms. [101: 1 2.3.5.2] 



The requirements for use of quick response sprinklers in- 
tends that quick response sprinklers be the predominant type 
of sprinkler installed in the smoke compartment. It is recog- 
nized, however, that quick response sprinklers may not be ap- 
proved for installation in all areas such as those where 
NFPA 13, Standard for the Installation of Sprinkler Systems, re- 
quires sprinklers of the intermediate- or high-temperature 
classification. It is not the intent of the 12-3.5.2 of NFPA 101 
requirements to prohibit the use of standard sprinklers in lim- 
ited areas of a smoke compartment where intermediate- or 
high-temperature sprinklers are required. 

Where the installation of quick response sprinklers is im- 
practicable in patient sleeping room areas, appropriate 
equivalent protection features acceptable to the authority hav- 
ing jurisdiction should be provided. It is recognized that the 
use of quick response sprinklers may be limited in facilities 
housing certain types of patients, or due to the installation 
limitations of quick response sprinklers. [101: A. 12.3.5.2] 

D . 1 Wh e re an au torn a tic sp r i n kl e r sys te m is i n s tal 1 e d , e i th e r 
for total or partial building coverage, the system shall be in- 
stalled in accordance with Section 7.7 of NFPA 101. In build- 
ings up to and including four stories in height, systems in- 
stalled in accordance with NFPA 13R, Standard for the 
Installation of Sprinkler Systems in Residential Occupancies up to 
and Including Four Stories in Height, shall be permitted. 

Exception No. 1 : In individual dwelling units, sprinkler installation 
shall not be required in closets not over 12 sq ft (LI sq m). Closets that 
contain equipment such as washers, dryers, furnaces, or water heaters 
shall be sprinklered regardless of size. 

Exception No. 2: The draft slop and closely spaced sprinkler require- 
ments of NFPA 13, Standard for the installation of Sprinkler Systems, 
shall not be required for convenience openings complying wit) h 6.2.4.8 
of NFPA 101 where the convenience opening is within the dwelling 
unit. 

[101:18.3.5.1] 



Annex E Informational References 

E.l Referenced Publications. The following documents or 
po rtion s th e re of a re ref e re n ce d wi th i n th i s s tan d a rd fo r i n fo r- 
mational purposes only and are thus not part of the require- 
ments of this document unless also listed in Chapter 2. 

E.l.l NFPA Publications. National Fire Protection Associa- 
tion, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269- 
9101. 

NFPA 13E, Recommended Practice for Fire Department Operations 
in Properties Protected, by Sprinkler' and Standpipe Systems, 2000 edi- 
tion. 

NFPA 13R, Standard for the Installation of Sprinkler Systems in 
Residential Occupancies up to and Including Four Stories in Height, 
2002 edition. 

NFPA 14, Standard for the Installation of Standpipe, Private Hy- 
drant, and Hose Systems, 2000 edition, 

NFPA 15, Standard for Wader Spray Fixed Systems for Fire Protec- 
tion, 2001 edition. 

NFPA 16, Standard for the Installation of Foam-Water Sprinkler 
and Foam-Water Spray Systems, 1999 edition. 

NFPA 20, Standard for the Installation of Stationary Pumps for 
Eire Protection, 1999 edition. 
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NFPA 22, Standard for Water Tanks for Priva.tr Tire Protection, 
.1.998 edition. 

NFPA 25, Standard for tlie inspection, 'Testing, and Maintenance 
of Water-Based Tire Protection Systems, 2002 edition, 

NFPA 36, Standard Jbr Sohumt Extraction Plants, 1997 edition. 

NFPA 7f, National Tire Alarm, Code®, 2002 edition. 

NFPA 80 A, Recommended. Practice for Protection of Buildings 
fro m Extei ior Fire Exposures, 200.1 e d i t i o n . 

NFPA / 01®, Life Safety Godr® , 2000 edition. 

NFPA 220, Standard on Types of Building Cons traction, 1999 
edition. 

NFPA 291, Peconiniended Practice for Fire Flow Testing and 
Marking of JTydr ants, 2002 edition. 

NFPA 307, Standard for the Construction and. Fire Protection of 
Marine Terminals, Piers, and Wharves, 2000 edition. 

NFPA 409, Standard on Aircraft Hangars, 2001 edition. 

NFPA 850, Recommended Practice for Tire Protection for Electric 
Generating Plants and High Voltage Direct Current Converter Sta- 
tions, 2000 edition. 

NFPA. 85 J , Recommended Practice for J 1 ire Protection for Hydro- 
electric Gen era I ing Pla nls, 2000 e d i t ion. 

E.1.2 Other Publications. 

E . 1 . 2 . 1 ACPA Publ ication . Am e r i ca n Co n c re te Pi pe Associa- 
tion, 222 W. Las Collinas Bo u leva id, Suite 641, Irving, TX 
75039. 

Concrete Pipe Handbook. 

E.1.2. 2 ASCE Publication. American Society of Civil Engi- 
neers, .1.80.1 Alexander Bell Drive, Reston, VA 20191-4400. 
ASCE 19, Standard Guidelines for the Structural Applications of 

Sled Cables for Buddings, 1996. 

E. 1.2.3 ASME Publications. American Society of Mechanical 
Engineers, 345 East 47th Street, New York, NY 10017. 

ASME B16.1, Cast-Iron Pipe Flanges and Flanged, Fittings, 
1989. 

ASME A 17. 1 , Safely Code for Elevators and Escalators, 1996. 

ASME Bl .20. 1, Pipe Tlvreads, General Purpose (Inch), 1983. 

E.1.2. 4 ASTM Publications. American Society for Testing and 
Materials, 100 Barr Harbor Drive, West Cons hohoc ken, PA 
19428-2959. 

ASTM A 126, Standard Specification for Gray Iron Casting f "or 
Valves, Flanges, and, Pipe Fittings, .1.995. 

ASTM A 135, Starulard Specification for Electric-Resislance- 
Welded Steel Pipe, 1997. 

ASTM A 197, Starulard Specifi.ca.lwn for Cupola Malleable, Iron, 
1987. 

ASTM A 307, Standard Specification for Carbon Steel Bolts and 
Studs, 1997. 

ASTM A 603, Standard Specification for Zinc-Coaled Steel Struc- 
tural Wire Pope, 1998. 

ASTM. C 296, Standard Specification for Asbestos-Cement Pres- 
sure Pipe, 1988. 

ASTM D 3309, Standard Specification for Polybutylene (PB) 
Plastic and /lot- and Co Id- Water Distribution Systems, 1996. 

ASTM E 8, Structural, Test Method, for Tension Testing of Metallic 
Materials, 2001 . 

ASTM E 119, Standard Test Methods for lore Tests of Building 
Construction and Materials. 1998. 



ASTM F 437, Standard Specification for Threaded, Chlorinated, 
Poly (Vinyl Chloride) (CPVC) Plastic Pipe Fillings, Schedule 80, 
1996. 

ASTM F 438, Standard Specification for Socket-Type Chlorinated 
Poly (Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 40, 
1997. 

ASTM F 439, Standard- Specification for Socket-Type Chlorinated 
Poly (Vinyl Chloride) (CPVC) Plastic Pipe Filings, Schedule 80, 
1997. 

ASTM F 442, Standard Specification for Chlorinated Poly (Vinyl 
Chloride) (CPVC) Plastic Pipe (SDR-PRf 1997. 

E . 1 . 2 . 5 AWWA Publican* ons . Am e ri ca n VVa te r Works Assoc i a- 
tion, 6666 West Qui ncy Avenue, Denver, CO 80235. 

AWWA CI .04, Cement Mortar Lining for Ductile Iron Pipe and 
Fit I ings for Water, 1 995. 

AWWA CI. 05, Polyethylene Encasement for Ductile Iron Pipe Sys- 
tems, 1993. 

AWWA CI 10, Ductile Iron and, Gray iron Jottings, 3-in. Through 
48~in.,for Water and Other Liquids, 1993. 

AWWA CI 1 1 , Rubber-Gasket Joints for Ductile Iron Pressure Pipe 
and Fittings, 1990. 

AWWA CI 15, Flanged Ductile Iron Pipe with Ductile Iron or Gray 
Iron Threaded Flanges, 1994:. 

AWWAC150, Thickness Design of 'Ductile Iron Pipe, 1996. 

AWWA CI 51, Ductile Iron Pipe, Cenirifugally Cast for Water, 
1996. 

AWWA CI 5 3, Ductile Iron Compact Fittings, 3 in, through 24 in. 
and 54 in. through 64 in. for Water Sen/ice, 1994. 

AWWA C203, Coal- Tar Protective Coalings and Linings for Steel 
Water Pipelines Enamel and Tape — Hot Applied, 1997. 

AWWA C205, Cement-Mortar Protective Lining and Coaling for 
Steel Water Pipe 4 in. and Larger Shop Applied, 1995, 

AWWAC206, Field Welding of Steel Water Fife, 1997. 

AWWA C208, Dimensions for Fabricated Steel Water Pipe Fillings, 
1996. 

AWWA C300, Reinforced Concrete Pressure Pipe, Steel-Cylinder 
Type, for Water and Other Liquids, 1997. 

AWWA C301, Pres tressed Concrete Pressure Pipe, Steel-Cylinder 
r Type, for Water and, Other liquids, 1992. 

AWWA C302, Rem forced Concrete Pressure Pipe, Non-Cylinder 
Type, for Water and Other Liquids, 1995. 

AWWA C303, Reinforced Concrete Pressure Pipe, Steel-Cylinder 
'Type, Pretensioned, for Water and Other Liquids, 1995. 

AWWA C400, Standard for Asbestos-Cement Distribution Pipe, 
4 in. Through 16 in., for Water and Other liquids, 1993. 

AWWA C401, Standard Practice for the Selection of Asbestos- 
Cement Water Pipe, 1993. 

AWWA C600, Standard, for the Installation of Ductile-Iron Water 
Mains and Their Appurtenances, 1993. 

AWWA COO 2, Cement-Mortar Lining of Water Pipe Lines 4 in. 
and Larger — in Place, 1995. 

AWWA COO 3, Standard for the Installation of Asbestos-Cement 
Water Pipe, 1996. 

AWWAC606, Grooved and Shouldered Joints, 1997. 

AWWA C900, Polyvinyl Chloride (PVC) Pressure Fife, 4 in. 
Through 12 in., for Water and. Other Liquids, 1997. 

AWWA Ml 1 , A Guide for Steel Pipe Design and Installation, 3rd 
edition, 1989. 

AWWA M 1 4 , Rec.omrnend.ed Practice for Back/low Prevention and 
Cross Connection Control, 2nd edition, 1990. 

AWWA M41, Ductile Iron and Pipe Innings. 
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E.l.2.6 DIRPA Publication. Ductile Iron Pipe Research Asso- 
ciation, 245 Rive re base Parkway, East, Suite 0, Birmingham, 
AL 35244. 

Installation Guide for Ductile iron Pipe. 
Thrust Restraint Design for Ductile Iron Pipe. 

E.l.2.7 EPRI Publication. EPRI, 3412 Hillview Avenue, Palo 
Alto, CA 94304, 

1843-2, "Turbine Generator Fire Protection by Sprinkler 
System, "July 1985. 

E. 1.2.8 FMRC Publication. Factory Mutual Research Corpo- 
ra ti o n , 1 1 5 1 Bosto n -P ro vi d e nee Tu r n p i ke , N orwood , MA 
02061. 

FM'RCj. 1. 0X1R0.RR, "Large-Scale Fire Tests of Rack Stor- 
age G ro u p A PI as ti cs i n Re ta i 1 O p e rati o n See n a r i os P ro tec te d 
by Ex tra Large O ri i i ce ( ELO ) S p ri n k 1 e rs . " 

E.l.2.9 IMO Publication. International Maritime Organiza- 
ti o n , 4 Al be rt Em ba n km en t, Lo n don , SEI 7SR, U n i ted Ki ng- 

dom. 

International Convent/ion for the Safety of Life at Sea, 1 974 (SO- 
LAS 74), as amended, regulations 11-2/3 and 1 1-2/26. 

£.1.2.10 SNAME Publication. Society of Naval Architects and 
Mar i n e E n gi n e e rs , 60 1 Pavo n i a Ave . , S u i te 400 , J e rs ey C i ty, N J 
07306. 

Te c h n i ca 1 Resea re h B 1 1 1 1 e ti n 2-21, " Al u m i n u m Fi re Pro te c- 
tion Guidelines." 

E. 1 . 2 . 1 1 UL Publi cation. U n d e rvvri te rs Labo ra to ries 1 n c . , 3 3 3 
Pfingsten Road, Northbrook, IL 60062. 

"Commodity Hazard Comparison of Expanded Plastic in 
Portable Bins and Racking;' Project 99NK29106, NC4004, 
Septembers, 2000. 

"Te c h n i cal Re p o r t o f Fi re Tes ti n g of An to m o ti ve Parts i n 
Portable Storage Racking," Project 99NK29106, NC4004, 
January 5, 200 T 

E.l.2.12 Uni-Bell Plastic Pipe Publication. Uni-Bell Plastic 
Pipe Association, 2655 Villa Creek Drive, Suite 1 55, Dallas, TX 

75234. 

Handbook of PVC Pipe. 

E. 1.2. 13 U.S. Government Publications. U.S. Government 
Printing Office, Washington, DC 20402. 

Title 46, Code of Federal Regulations, Part 72.05-5. 

U.S. Federal Standard No. 66C, Standard for Steel Chemical 
Composition and, Harden Ability, April 18, 1967, change notice 
No. 2, April 16, 1970. 

E.2 Informational References. (Reserved) 

E.3 References for Extracts. The following documents are 
listed here to provide reference information, including title 
and edition, for extracts given throughout this standard as 
indicated by a reference in brackets [ ] following a section or 
paragraph. These documents are not a part of the require- 
ments of this document unless also listed in Chapter 2 for 
other reasons. 



NFPA 33, Standard, for Spray Application Using Llammahle or 
Combustible Materials, 2 000 e d i ti o n . 

NFPA 36, Standard for Solvent Extraction Plants, 2001 edition. 

NFPA 40, Standard for the Storage and Handling of Cellulose 
Nit/rale Film, 2001 edition. 

NFPA 42, Code for the Storage of 'Pyroxylin Plastic, 2002 edition. 

NFPA 4:5, Standard on Fire Protection for tjihoratories Using 
Chemicals, 2000 edition. 

NFPA 5 1 , Standard for the. Design and, Installation of Oxygen- 
Fuel Cos Systems far Welding Culling and Oilier Hot Work,' 1 999 
edition. 

NFPA 51 A, Standard, for Acetylene Cylinder Charging Plants, 

2001 edition. 

NFPA 55, Standard, for the Storage, Use, rend, Handling of Com- 
pressed, and Pique fie.d, Cases in Portable Cylinders, 1998 edition. 

NFPA 59, Utility FP-G as Plant Code, 2001 edition. 

NFPA 59 A, Standard for the Production, Storage, and, Handling 
ofHcpiefk(FNalural(kt,s\lMypm)\ edition. 

NFPA 75, Standard, for the Protection of Electronic and, Computer/ 
Data Processing Equ ifrmen t, 1 9 9 9 e d i ( i o n . 

NFPA 82, Standard on Incinerators and, Waste and, Linen lian- 
dli ng Systems a n d Equ vp m en i, 1 9 99 e d i t i o n . 

NFPA 86Cj Standard for Industrial Furnaces Using a Special 
Processing A Ionosphere, 1 9 99 e d i ti o n . 

NFPA 99, Standard for Health Care Facilities, 2002 edition. 

NFPA 130, Standard for Fixed Cuidewoy transit, and, Passenger 
Rail Systems, 2000 edition. 

NFPA 150, Standard on Eire Sajely in RcuHrack. Stables, 2000 
edition. 

NFPA 214, Standard on Water-Cooling Towers, 2000 edition. 

NFPA 307, Standard for the Cons traction, of Marine Terminals, 
Piers, and Wharves, 2000 edition. 

NFPA 3 1 8, Standard, for the Protection of Semiconductor Fabrica- 
tion Facilities, 2 2 ed i ti o n . 

NFPA 415, Standard, on Airport, Terminal Buildings, lauding 
Ramp Or a, i n age, an, d L o ading Wa llaoays, 2002 edition. 

NFPA 423, Standard, for Construction and, Protection, of Aircraft 
Engine Jest Facilities, 1999 edition. 

NFPA 430, Code for the Storage of Liquid and Solid, Oxidizers, 
2000 edition. 

NFPA 432, Code for the, Storage of Organic Peroxide Formulations, 

2002 edition. 

N F PA 8 4 . Sta n da rd fot ' lore Pi -a tec t to n for A dvan ced I , igli t Water 
Reactor Electric Genemling Plants, 200 1 edition. 

NFPA 805, Perfornia.nce-BcLsed, Standard, for Fire Protection for 
Fight Water Reactor Flee trie Generating Plants, 200.1 edition. 

NFPA 850, Recommended, Practice for lire Protection for Electric 
Generating Plants and High Voltage Direct Current Converter Sta- 
tions, 2000 edition. 

NFPA 851, Recommended, Practice for lore Protection for Hydro- 
electric Generating Plants, 2000 edition. 

NFPA 909, Code fin the Protection, of Cultural Resources, 2001 
edition. 
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Abbreviations, hydraulic calculations 1 .7.2 

Acceptance, system Chap. 1 6 

Approval of system 16.1 

Circulati ng closed loop systems 16.3 

Hydraulic design information sign 16.5, Fig. A. 16.5 

Instructions 16.4 

Marine systems 1 7.8 

Requirements 16.2, A.I 6.2 

Underground pipe 10.10, A. 1 0.10.2 

Acetylene cylinder charging plants 13.10 

A-class boundary (definition) 3.14(1), 17.1.3(1) 

Additives, water see Water additives 

Adjacent occupancies 11. 1. 2, 11.2.3.1.7, 12.1.5, A. 12. 1.5 

Aerosol products, protection of 13.3 

Air compressors 7.2.6.6, A. 13.32.1 (7); see also Compressed air 

Aircraft engine test facilities 1 326, A 1 3,26. 1 . 1 

Aircraft hangars 1 3.24 

Air exhaust valves see Exhausters 

Air Filling connections 7.2.6.3 

Airport terminal buildings, fueling ramp drainage, 

and loading 13.25, A.13.25. 1.2 

Air pressure 

Leakage tests 1 6.2.2 

Marine systems 1 .7.4.12.1 , A.l 7.4.12.1 

Pressure tanks 15.2.3.3, A.I 5.2.3.3 

Refrigerated spaces 7.8.2.2 

System 7.2.6, A.7.2.6.2 

Air supply 

Dry pipe system 7.2.6.2, 7.2.6.6, A.7.2.6.2 

Marine systems 1 7.7.2.4.1 

Refrigerated spaces .... 7.8.2.2, 7.8.2.4, 7.8.2.7, A. 7.8.2.4, A.7.8.2.7 

Shop" 7.2.6.5 

Aisle widths 1 2.3.2. 1 .2.1 , Tables 12.3.2. 1 .2(a) to (e) , 

Tables 12.3.2.1.3(a) to (e), Tables 12.3.2.1.4(a) to (e), 
12.3.2.4.1.2, 12.3.2.4.1.3, A.12.3.2.1. 2.1, C.15 

Definition 3.10. 1, Fig. A.3.10.1 

Plastics coin modi ties, rack storage of 1 2.3.3.5.1.2(7) 

Plastics display/storage, retail stores 12.7.2.1 ( 1) , 

12.7.2.1(10), 12.7.2.1.(13), 12.7.2.2(5), 12.7.2.3(7), 
1.2.7.2.4(6), 12.7.2.5(6) 

Alarms see also Waterflow alarms/detection devices 

Attachments .... 6.9.3, 6.9.4, 17.4.12.3, A.6.9.3.1, A.6.9.3.2, A.6.9.4 

Drains 6.9.5 

High water level device, dry pipe systems 7.2.5.5 

Low air pressure, refrigerated spaces 7,8.2.2 

Marine systems " 1 7.4.1 2, A.17.4.12.1 

Service 8.16.1.7, A.8.16.I.7 

Signal transmission D.5.2 

Sprinkler 8.16.1, A.8.16.1, C.4 

Antiflooding devices 7.2.4.9 

Antifreeze systems 7.5, 8.15. 3.1. 2, A.7.5 

Defini tion 3.4.1 

Application of standard 1.3 

Approved / approval 

Definition 3.2.1 , A.3.2.1 

System 16.1 

Undergi on nd pipe 10.1 0.1 

Area, of protection see System protection area 

Area-density method see Density-area method 

Arrays 12.2.3.1.5.1(4) 

Closed 12.2.3.1.2, 12.6.1.5, A.12.2.3.1. 2 



Definition 3.9.1 .1 

Open 12.2.3.1. 2, A.12.2.3.1. 2 

Definition 3.9.1 .2 

Arrays (paper) 

Closed 12.6.1.5, Table 12.6.2.1.3(a), Table 12.6.2.1.3(b) 

Definition 3. 13.1 .1 

Open Table 12.6.2.1.3(a), Table 12.6.2.1.3(b) 

Definition 3.1 3.1 .2 

Standard Table 12.6.2.1.3(a), Table 12.6.2.1.3(b) 

Definition 3.13.1.3, A.3.I3.1.3 

Atriums D.3 

Attachments 

Alarms 6.9.3, 6.9.4, 17.4.12.3, A.6.9.3.1, A.6.9.3.2, A.6.9.4 

System 8.16, A.8.16, C.4, C.5 

Attics 8.3.2.5(5), 1 1.2.3.1.8(4) (b), 11.2.3.5.4, A.l 1. 2.3.1.8(4) (b) 

Authority having jurisdiction (definition) 3.2.2, A. 3. 2. 2 

Automatic air compressor 7. 2. 6. 6 

Automatic drip, fire department connections 8.1 6.2.6 

Automatic sprinklers (definition) 3.3.1; see also Sprinklers 

Automatic sprinkler systems see Sprinkler systems 

Automotive components on portable racks 12.7.1, A. 12.7.1 

Definition 3.3.2 

Auxiliary systems 7.1.3 

Available height for storage 

Definition 3.9.2, A.3.9.2 
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.7.5.3.1,7.5.3.2,8.15.1.1.3.2, 



Backflow prevention devices 

8.16.4.6, A.8. 16.4.6 

Operational tests 1 6.2.5 

Baffles 8.6.3.4.2, 8.8.3.4.2 

Baled cotton 

Definitions 3. 1 2, A.3.12.1 

Fire-packed bales (definition) 3.12.4 

Storage 12.5 

K-factor of sprinklers 1 2. 1 . 1 3.2 to 1 2. 1.13.4 

Temperature rating of sprinklers 8.3.2.7, A.8.3.2.7 

Water supplies 1 2.5. 1 

Banded roll paper storage ..Table 12.6.2.1.3(a), Table 12.6.2.1.3(b) 

Definition 3.13.2 

Banded tires (definition) 3.11.1 

Bar joist construction (definition) A.3.7 1 (7), A. 3. 7.2(1), 

Fig.A.3.7.2(a),Fig.A.3.7.2(b) 

Barriers see Horizontal barriers; Thermal barriers 

Basements 1 1 .2.3.5.4 

Bath modules, marine 1 7.4.6 

Bathrooms 8.1 4.8.1 

Definition 3.3.3, A.3.3.3 

B-class boundary (definition) 3.14(2), 17.1.3(2) 

Beam and girder construction (definition) A. 3. 7.1 (1 ) 

Bends, return 8.14.18 

Bin box storage 1 4.4.4.9 

Definition 3.9.3 

Discharge criteria Table 12.1.10 

Early suppression fast-response (ESFR) 

sprinklers 12.2.2.3, 12.2.3.3 

Hose steam demand and water supply duration 12.1 .10.2.1 

Plastic and rubber commodities 12.2.3, A. 1 2.2.3 

Sprinkler system design approach 12.2, A. 12.2, C.8 

Block cotton storage 3.12.2 

Boilers, oil- or coal-fueled 1 3.29.1 .9 
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Bolts 9.1.3.10,9.1.4.5,9.1.5.3, 10.3.6.2, 10.7.2 

Clamp 10.8.3.1.3, 10.8.3.4, 10.8.3.5, A.10.8.3.5 

Bracing see Sway bracing 

Branch lines 

Definition 3.5.1 

Early suppression fast-response sprinklers 8. 1 2.2.2.3, 

8.12.2.2.4, 8.12.3.1, 12.3.4.3.4, Fig. A.8.12.2.2.3 

Hangers, location " 9.2.3, A.9.2.3 

In-rack sprinkler spacing 12.3.2.4.2.2, A.12.3.2.4.2.2 

Large drop sprinklers 

Diameter of pipes for 12.2.2.2.2.7, 12.2.3.2.2.6, 

12.3.2.2.3.6, 12.3.3.2.3.7, 12.3.4.2.3.6 

Positioning of 8.11.5.2.2 

Length 

For light hazard 14.5.2.1, 14.5.2.3 

For ordinary hazard 14.5.3.1, 14.5.3.3 

Protection area of coverage, determination of 8.5.2.1 . 1 

Restrain t of ~ 9.3.6, A.9.3.6 

Return bends connected to 8.14.18.2 

Brazed joints 6.5.4, 10.3.4, A.6.5.4 

Buildings, multistory 8.16.1 .6, 9.2.5.3, 

9.3.2.3(2), A.8.I6.I.6,A.9.3.2. 3(2) 

Building service chutes 11 .2.3.4. 1 

Bulkheads A.12.3.2. 1 .1. 1 

Definition 3.10.2 

Bushings 6.4.6, 8. 14.19.2 



Cable tunnels 13.29.1 .3 

Calculations Chap. 14 

Canopies 8.14.7, A.8.14.7 

Cartoned storage 

Definition 3.10.3 

Discharge criteria Table 12.1.10 

Ceiling flanges, hanger screws in 9.1.5.2 

Ceiling height (definition) 3.3.4; see also Clearance 

Ceilings See also Concealed spaces; Drop-out ceilings 

Deflector distance below 8.5.4.1, 8.6.4.1 , 8.7.4. 1.1, 

8.8.4.1,8.9.4.1.1,8.10.4, 8.11.4.1, 8.12.4.1, A.8.5.4.1, 
A.8.6.4.1.2(5),A.8.6.4.L3,A.8.8.4.L3,A.8.11.4.1 

Flat (definition) 3.3.5.1 

Horizontal (definition) 3.3.5.2 

Open-grid 8.14.12, A8.14.12 

Definition A.3.7.2(2) 

Peak, sprinklers at or near 8.6.4,1.3, 8.8.4.1.3, 

A.8.6.4.L3,A.8.8.4.L3 

Pockets 8.6.7, 8.8.7, 11 .2.3.2.3.1 (4) 

Sheathing, pipe hanger installation and 9.2.1.1 

Sloped ." \ 8.6.4. 1 .3, 8.6.4.2.3 to 8.6.4.2.4, 

8.8.4.1.3, 8.9.4.2.2, A.8.6.4.1.3, A.8.8.4.1. 3 

Definition 3.3.5.3 

Storage buildings 12.1.7 

Water demand requirements 11.2.3.1.8(12), 

11.2.3.2.3.3, 11.2.3.2.4 

Smooth-ceiling construction (definition) A.3.7.2(3) 

Smooth (definition) 3.3.5.4 

Sprinklers below, piping to 8.14.19, A.8. 14. 19.1 

Ceiling sprinklers, rack storage 

Oxidizers, storage of Table 13.27.1 .4.1 

Water demand 

Double-row and single-row racks 12.3.3.1.5 to 12.3.3.1.8, 

12.3.4,1.1, 12.3.5.1.2, A.12. 3.4.1. 1,C23 

Multiple-row racks 12.3.3.1.5, 12.3.3.1.6, 12.3.3.1.9, 

12.3.3.1.10, 12.3.4.1.3 

Portable racks 12.3.2.1.4 

Cellulose nitrate motion picture film, storage 

and handling of 13.6, A.13.6.2.3.3 

Central safety station (definition) 3.14(3) , 17.1.3(3) 

Central station supervisory service 8. 1 5. 1 .1.2. 1 ( 1 ) , 8. 1 6. 1 .7. 1 , 

11.2.2.7, 11.2.3.1.8(10) 
Certificate, owner's 4.3 



Check valves 8.15.1.1.3,8.15.1.1.4, 

A.8. 15.1. 1.3.5, A.8. 15.1. 1.4, A.8.15. 1.1. 6 

Air compressor, automatic 7.2.6.6.3 

Air filling connection 7.2.6.3.2 

Alarm .' 8. 1.6.1.2.1, 8.1 6.1 .3.4 

Combined systems 7.4.2.6, 7.4.4 

Dry pipe systems 7.2.3.4, 7.2.4.6 

Fire department connections 8.16.2.4.1, 8.16.2.4.2, 

8.16.2.5.1, A.8.16.2.4 

Hydrostatic tests 16.2.1.10 

Outside sprinklers 7.7.4.2 

Refrigerated spaces 7.8.2.6, A.7.8.2.6 

Chemicals, protection of laboratories using 13.8 

Chutes see Vertical shafts 

Circulating closed-loop systems 7.6. 1 , A. 7.6. 1 . 2 

Acceptance 1 6.3 

Definition 3.4.2 

Marine systems 17.3.4 

Clamps, joint 10.8. 3. LI, 10.8.3.4, 10.8.3.5, A.10.8.3.5 

Classification see Commodity classification; Occupancy 

classifications 

Cleanrooms 13.23, A.l 3.23 

Clearance 

Definition 3.9.4 

Piping 9.3.4, A.9.3.4 

To storage 8.5.6, 8.6.6, 8.7.6, 8.8.6, 8.1 1 .6, 8. 1 2.6, 

A.8.5.6,A.8.6.6 

Plastics commodities, rack storage of 12.3.3.4.2.1 

Closets 8.14.8.2, A.8.14.8.2, D.lOEx. 1 

Coatings, special 6.2.6, A.6.2.6 

Cold cotton (definition) 3. 12.3 

Color coding of sprinklers 6.2.5.1, 6.2.5.2 

Columns 

Roll paper (definition) 3. 13.3 

Steel see Steel 

Combined dry pipe-preaction systems 7.4, A. 7.4. 1 , Fig. A. 7.4. 1.1 

Definition 3.4.3 

System riser, protection area of 8.2 

Commodities; see also specific commodities, e.g. Plastics 

Definition 3.9.5 

Rack storage see Rack storage 

Commodity classification 5.6, A.5.6, C.2 

Class 1 5.6.3.1 , Table A.5.6.3. 1 , Table A.5.6.3 

Class II 5.6.3.2, Table A.5.6.3.2, Table A.5.6.3 

Class III 5.6.3.3, Table A.5.6.3. 3, Table A.5.6.3 

Class IV 5.6,3,4, Table A.5.6.3.4, Table A.5.6.3 

Mixed commodities 5.6.1.2 

Pallet types 5.6.2 

Plastics, elastomers, and rubber 5.6.4, Table A.5.6.3. 

A5.6.4, Table A.5.6.4.1 

Rolled paper storage 5.6.5, A.5.6. 5 

Compactors, commercial-industrial 13.15.2.3 

Compartmented (definition) 3.9.6, A. 3.9.6 

Compartments (definition) 3.3.6 

Composite wood joist construction (definition) A.3.7.1 (3) 

Compressed air see also Ai r compressors 

Dry pipe systems 7.2.6.2 to 7.2.6.4, 7.2.6.6, A.7.2.6.2 

Pressure tanks (marine systems) 17.7.2.4. 1 

Computer systems 13.14 

Concealed spaces 

Cleanrooms 1 3.23. 1 .2 

Spaces above nonstorage areas 8.14.22 

Sprinklers in 8.3.2.5(5), 8.14.1, 8.14.22, A.8.14.1.2, A.8.14.1.6 

Marine systems 1 7.4.4, A. 1 7.4.4 

Pendent and upright sprinklers 8.6.4.1.4 

Pipe schedule systems, revamping of Fig. 8.1 4.19.3.3 

Unsprinklered 8.14.22.1 , 1 1.2.3.1 .8(3), 11 .2.3. 1 .8(4) , 

11.2.3.1.8(6), 11.2.3.2.7.2, 12.1.8, A. 11.2.3.1.8(3), 
A. 11.2. 3.1.8(4), A 12.1.8 

Concealed sprinklers 3.6.3. 1 

Concrete, hangers in 9.1 .S, A.9.1 .3.9.3 

Concrete tee construction (definition) .... A. 3.7. 1 (2) , Fig. A. 3. 7. 1 (a) 
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INSTALLATION OF SPRINKLER SYSTEMS 



Connections see also Couplings; Fire department connections; 

Hose connections; Test connections 

Air filling 7.2.6.3 

City ' 8.15.1.1.4.3 

D o m e s ti c / fi re p r o te c t ion wa te r s 1 1 p ply i n te re o n n e c ti o n B . I 

Drain 8.15.2.4, A.8.I5.2.4 

Flexible see Flexible listed pipe couplings 

Foundation walls, through or under 15. 1 .6.2, A 15. 1.6. 2 

U n d e i 'g ro u n d and a b o veg round p i p i n g , wa te r s u p p I y 15.1.6.1 

Valves, water supply connections 8. .1.5. 1 .1.2.3 , 8.15. .1.1.3. 1, 

8.15.1.1.4.3 
Water-works system, from/to 15.1.8, 15.2.1, A.15. .1.8, A. 15. 2.1 

Construction 

O bs t r n c te d ( d e fm i ti o r i ) 3 . 7 . 1 , A . 3 . 7 . 1 ; see also O bs tru c ti o n s to 

sprinkler discharge 
Unobstructed (definition) 3.7.2, A. 3. 7.2 

C ontaine rs see also Cy 1 i n d e rs ; O p e n - to p c o t n b u s t i b 1 e c on ta i n e rs 

For oxidizers 13.27. 1.3 

Plastic 13.27.1.3, A.I2. 2.3.1.1,0.21 

Shipping, master, or outer (definition) 3.9.7, A. 3.9. 7 

Control valves 8.16.1 .4, 8.16.2.4.2(2) 

Accessibility 8. 15. 1 1.7, A.8. 15.1 .1 .7 

Cleanrooms 13.23.2.4 

Drain connections 8. 15.2.4.3, 8. 15.2.4.7 

Hose connections 8.16.5.2.2 

Identification 8.15.1.1.8 

In-rack. sprinklers 8.1 5.1 .6, A.8.15.1.6 

Marine systems 17.2.6.1, 17.4.12.1, A.17.2.6T, A.I7.4.12.I 

Multiple systems, fire department connections for 8.16.2.4.3 

Outside sprinklers 7.7.3 

Preaction and del uge systems 7.3.1.8 

Refrigerated spaces 7.8.2.5, A. 7.8. 2.5 

Sprinkler system 8. 15.1.1 , A.8. 15.1. 1, A.8.15.1 .3 

Testing 16.2.3.5.3 

Water-cooling towers 13.2 1.2.6. 1 

Conventional pallets (definition) 3. 1 0.4, Fig. A.3. 1 0.4 

Conventional sprinklers see Old-style/conventional sprinklers 

Conveyors, sprinklers obstructed by 8. 1 2.5.3. 1 ( 1 ) 

Cooking equipment and operations, 

commercial 7.9, 8.3.2.5(7), Fig. A.7.9. 2 

Core (paper roll) (definition) 3. 13.4 

Corridors 

Design areas 1 1.2.3.3.6 to 1 1 .2.3.3.8 

Residential sprinklers in 8.4.5.1, A.8. 4.5. 1 

Corrosion protection, piping 8.14,20.1, 8.15.2.6.3, 

8.15.3.2, A.8.15. 3.2. 1 

Corrosion-resistant sprinklers 6.2.6.1 , A.6. 2. 6.1 

Definition 3.6.4.1 

Cotton, baled see Baled cotton 

Couplings 6.4.5, A.6.4.5 

Flexible listed pipe coupling 9.3.2, A.9.3.2 

Definition 3.5.4 

Cover plates 6.2.7.3 

Cross mains 

Definition 3.5.2 

Hangers, location 9.2.4.2 to 9.2.4.4. 

Curtain, proscenium D.8 

Cutting, oxygen-fuel gas systems for 1 3.9 

Cutting tables, sprinklers obstructed by 8.5.5.3. 1 , 8.6.5.3.3, 

8.7.5.3.2, 8.8.5.3.2, 8.9.5.3.2, 8.10.6.3.2, 8.10.7.3.2, 
11.2.3.1.8(6) 

Cylinders 

Acetylene cylinder charging plants 13.10 

Portable, compressed and liquefied gases in 13. 1 1 

-D- 

Decks 

Pipe hangers under metal 9.2. 1 .4 

Sprinklers obstructed by 8.5.5.3.1, 8.6.5.3.3, 8.7.5.3.2, 

8.8.5.3.2, 8.9.5.3.2, 8.10.6.3.2, 8.10.7.3.2 
Decorative sprinklers see Ornamental sprinklers 



Definitions 

Construction 3.7 

General definitions 3.3, A.3. 3 

Marine systems 3.14, .17.1.3, A.3.14, A.l 7.1.3 

NFPA ..." 3.2, A.3.2 

Private water supply piping 3.8, A. 3.8. 1 

Sprinklers 3.6, A.3. 6 

Sprinkler system components 3.5, Fig. A.3. 5 

Sprinkler system types 3.4, A.3. 4 

Storage '. 3.9 to 3.13, A.3.9 to A.3.13 

Deflectors 

Clearance to storage 8.5.6.1 , 8.5.6.4, 8.5.6.5, 

8.6.6.1,8.7.6,8.8.6.1, 8..IL6, 8.12.6 

Obstructions below 8.5.5.2.1 , 8.6.5.2. 1 . 1 , 8.7.5.2.1 . 1, 

8.8.5.2.1.1, 8.9.5.2.1. .1,8.11.5.2.1.1 

Position 8.5.4, 8.6.4, 8.7.4, 8.8.4, 8.9.4, 8. 10.4, 

8.11.4, 8.12.4,A.8.5.4.1,A.8.6.4,A.8.8.4T.3,A.8.1I.4.1 

Deluge systems 7.3, A. 7. 3 

Advanced light water reactors 1 3.29. 1 .3.2, 13.29.2.3 

Definition 3.4.4 

Fire department connections 8.1 6.2.2(2), 8.16.2.4.2(4) 

Hydraulic calculations 7.3.3.2, 14.6 

Hydrostatic tests .1 6.2. 1.1 1 

Hyperbaric cham bers, Class A 13.18.1, A. 1 3. 18 

Open sprinklers 8.4.4.1 

Oxidizers, storage of 1 3.27. 1 .6 

Proscenium opening 8.1 4.15.2, D.8 Ex.1 

Return bends " 8.1 4.18.3 

Test connections 8.1 6.4.5 

Water-cooling towers 1 3.2.1. 1.1, 13.21.1.1.2, 13.21.1.4, 

13/21. 1.7.1, 13.21.2.8.4, A.I3.2I. 1.1.2 

Waterflow detecti ng devices 6.9.2.3 

Deluge valves '."... 8.16.1.3.1, 8.16.1.3.2, 8.16.2.4.2(4), 16.2.3.3, 

D.8 Ex. I 

Density-area method 1 1.2.3.2, 14.4.4.1.1, A.I 1 .2.3.2 

Baled cotton storage 12.5.2 

Design densities, calculation procedure 14.4.4.3, A. 14.4.4.3.2, 

A. 14.4.4.3.4 
Rack storage 

Over 25 ft. in height 12.3.4.1, 12.3.5.1, A.12.3.4 1. 1, C.23 

Up to and including 25 ft. in height 1 2.3.2. J , 

12. 3.3.1, A.12.3.2.1, A.I2.3. 3.1.2, C.8, C.21, C.22 

Roll paper storage 1 2.6.2. 1 , A. 12.6.2.1 .4 

Selection of density and area of application B.2. 1.2 

Wood pallets '. Table 12.1 .9. 1 .2(a) 

Density/area points 11.2.3.1.5, 12.2.2-4.2. 1, ATI. 2.3.1.5. 2 

Design, sprinkler system Chap. 1 1 . B.2. 1. 1 ; see also Density-area 

method 

Marine systems 1 7.5, AT 7.5.2 

Occupancy hazard 11 re control 1 1 .2, A. 1 1 .2 

Room design method II .2.3.3, A.l 1.2.3.3.1 

Special methods 1 1. 2.3.4, A.l 1.2.3.4.2 

Detection devi ces and sys te ms .... see also Wa te r f 1 o w a 1 a i in s / d e te c ti o n 
devices 

Deluge systems 7.3.1.6, 7.3.3. 1, A.7.3.3 

Early suppression fast response (ESFR) sprinklers 12.3.2.3.2 

High-expansion foam systems 12.2.1.3.2, 12.2.1.3.3, 12.3.1.8.3 

Preaction systems 7.3.1.6, 7.3.2.1, 7.3.2.3, 12.2.2.2.2.6(A), 

A.7.3.2.3, A.7.3.3 

Spare 17.3.2 

Water-cooling towers, heat detectors for 13.2 1 .2.8 

Dielectric fittings 7.6.1.1.4 

Differential- type valves 16.2.1.16 

Discharge characteristics, sprinklers 6.2.3, A. 6. 2. 3.1 

Docks, exterior 8.14.6 

Doors 

Automatic or self-closing 1 1.2.3.3.5 (3) 

Overhead see Overhead doors 

Double joist obstructions 8.6.4.1 .5 

Draft curtains 8.4.6.4, 1 2.1.1, C6 

Draft stops 8. 14.4.2, D.I Ex. 2 

Drains 8.15.2, A.8.1 5.2 

Alarms 6.9.5 
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Auxiliary 8. J 5.2.5, A.8. 1 5.2.5.2.1 

Connections 

Fire depart men t 8. 16.2.6 

Man ne systems, disci la rge 17.4.11 

Pressure 'gauges '. 8.16.3, A.8. 1 5.2.4, Fig. A.8. 15.2.4 

System J.../. 8.15.2.1 to 8.15.2.4, A.8.1 5.2.1, A.8. 15.2.4 

System, main drain, or sectional 8. 15.2.4, A. 8. 1 5.2.4 

Test 8.1 6.4.1, A.8. 1 6.4.1 

Drain valves 6.7.3 

Discharge of 8.15.2.6, A.8.15.2.6.1 

Man ne systems 17.2.6.2 

Outside sprinklers 7.7.4.1 

Drop-out ceilings 8.14.13, 8.14.22.2, A.8.14.13.4, A.8T4.13.5 

Defi n ition 3.3.7 

Marine systems 17.4.7 

Dry-pendent sprinklers A. 8. 1 4. 1 1 

D ry pipe system s 7 . 2 , A . 7 . 2 ; see also C o m b i n e d d ry p i p e- p re ac ti o 1 1 

systems 

Air test 1 6.2.2 

Baled cotton storage Table 12.5.2.1 

Defi n ition 3.4.5 

Drainage 8. 15.2.3, 8. 15.2.5.3 

Early suppression last- response sprinklers used in 8.4.6. 1 

Fire department connections 8.16.2.4.2(2) 

Industrial ovens and furnaces A. 8.1 4. J 1 

Large drop sprinklers used in 8.4.7.1 , 8.4.7.2. 1 

Multiple adjustmen ts A. 1 2. 1 .8 

O rga n i c p e ro x i d e f o r m u 1 a ti o n s , s to r a ge of 13.28.1.2 

Palletized, solid pile, bin box, or 

shelf storage 12.2.2.2.2.1, 12.2.2.2.2.6(A) 

Plastic and rubber commodities 1 2.2.3.2.2.5 (A) 

Piping, protection of 8. 1.5.3.1 .1 

Preaction systems classified as 1 2.2.2.2.2.6(A) , 

12.2.3.2.2.5(A), 12.3.2.2.3.5(A), 12.3.3.2.3.5(A), 
12.3.4.2.3.5(A) 

Quick-opening devices 7.2.4, 7.4.2.8, 1 6.2.3.2. 1 

Residential sprinklers used in 8.4.5.2 

Roll paper storage Table 1 2.6.2.2 

Storage, use for 1 2. 1 .4.2, 12.1.6, A. 1 2. 1.4.2 

Test connections 8.1 6.4.3, A.8. 1 6.4.3 

Underground pipe 8.14.20 

Water-cooling towers 13.2.1.1.1, 13.21.1.7.2, 13.21.2.1.3 

Water demand req uirernents 11 .2.3.2.5, 1 1 .2.3.9 

Waterfiovv detecting devices 6.9.2.2 

Dry pipe valves !" 7.2.1 ( 1), 7.2.3.1, 7.2.4.1 , 7.2.5, 

7.4.2,7.8.2.6.2,8.16.1.3.1,8.16.1.3.2,8.16.2.4.2(2), 
A.7.2.3.1,A.7.2.5 

Low differential 7.2.5.4 

Marine systems 17.4. 12. 1 , A. 1 7.4.1 2.1 

Operational tests 16.2.3.2, A. 1 6.2.3.2 

Dry sprinklers 7.2.2, 7.4.1.4, A.7.2. 2(2), A.7.4. 1.4(2) 

Definition 3.6.4.2, A.3. 6.4.2 

Preaction systems 7.3.2.4, A.7.3.2.4(2) 

Ducts 

Sprinkler piping below, support of 9.2. 1 .5 

Sprinklers in 7.9.2 to 7.9.7, Fig. A. 7.9. 2 

Cleanrooms 13.23. 1 .3, AT 3.23. 1 .3 

Vertical shafts 8. 1 4.2.1 .1 , 17.4.5. 1 

Sprinklers obstructed by 8.5.5.3.1 , 8.6.5.3.3, 8.7.5.3.2, 

8.8.5.3.2, 8.9.5.3.2, 8.10.6.3.2, 8.10.7.3.2, 8.11.5.3.2, 
8.12.5.1.1,8.12.5.3.1(1), 11.2.3.1.8(6) 

Dwelling units 8.4.5. 1 ; 8. 1 4.8, A.8.4.5. 1 , A.8. 14.8.2, D.10 Ex. 1 

Co n ve n i e n ce o pe n i n gs , p ro tecti o n of 8 . 1 4. 4. 5 , A. 8 . 1 4 . 4 . 5 ( 2 ) 

Definition .' 3.3.8 

-E- 

Early suppression fast-response (ESFR) sprinklers 8.4.6, 8.12, 

1 2.1.2.2, A.8.4.6.3, A.8.1 2 

Clearance to storage 8 12.6 

Definition \ 3.6.2. 1 , A.3.6.2.1 

Deflector position 8. 1 2.4 



Discharge characteristics 6.2.3.5, 6.2.3.6 

Idle pallets 

Plastic pallets Table 12.1.9.2.1, 12. 1.9.2.2( 1 )(c) 

Wood pallets 12. 1.9/1.2, Tabic 12.1 .9. 1 .2(c), A. 12.1.9.1.2 

Obstructions to discharge 8.12.5, 12.2.2.3.4, 12.3.2.3.5, 

1 2.3.3.3.5, 1 2.3.4.3.6, A.8. 1 2.5.2, A. 1 2.3.3.5. 1 . 1 

Palletized, solid pile, bin box, or shelf storage 12. 2. 2. 3, 

12.2.3.3 

Protection areas 8.12.2, Fig. A.8.1 2.2.2.3 

Rack storage 

Over 25 ft. in height ... 12.3.4.3, 12.3.5.3, A.12.3.4.3, A.12.3.5. 3 
Plastics commodities ... 12.3.3.3, 12.3.5.3, A. 12.3.3.3, A.l 2.3.5.3 

Slatted shelves 1 2.3.2.5. 1.2 

U p to and i nclucli ng 25 ft 

'. 12.3.2.3, 12.3.3.3, A.l 2.3.2.3, A. 12.3.3.3 

Roll paper storage 12.6.1. 1.1, 12.6.1.2.1, 12.6.2.3 

Rubber tire storage 12.4.1.4(3), 12.4.2, A. 12.4.2 

Spacing .'" 8. 1 2.3, Fig. A.8. 1 2.2.2.3 

Steel columns 1 2.3. 1 .7(3) 

Temperature rating 8.4.6.5 

Earthquake damage, pipe protection from 9.1.1.3, 9.3, A. 9. 3 

EC see Extended coverage (EC) sprinklers 

Egg crate ceilings see Open-grid ceilings 

Elastomers, classification of 5.6.4, fable A. 5. 6.3. A. 5. 6. 4 

Electrical equipment 8.1 4. 1.0 

Watcrfiow alarm attachments 6.9.4, A. 6.9. 4 

Electric generating plants A. 1 3.3 1.1, A. 1 3.3 1 .2 

Advanced light water reactor 1 3.29, A. 1 3.29 

Hydroelectric A. 1 3.32. 1 , A. 1 3.32.2 

Electronic computer systems 13.14 

Elevator hoistways and machine rooms 8.1 4.5, A. 8. 1 4.5 

Encapsulation (encapsulated storage) 

Definition 3.9.8 

Palletized, solid piled, bin box, or shelf storage, 

water demand 1 2.2.2. 1 . 1 (3) , A 1 2.2.2.2. 1 .1 (3) 

Rack storage 

Ceiling sprinklers 12.3.2. 1.2 to 12.3.2.1.4, 

' 12.3.3.1.5,12.3.4.1.4, 12.3.5.1. 1 , A.12.3.2.1 .2, 0. 15, C.22 

In-rack sprinkler systems 1 2.3.2.4.2.2, A. 12.3.2.4.2.2 

Equivalency to standard 1.5 

Escalators see Movi ng sta i rvvays 

Escutcheons 6.2.7, A. 6. 2. 7. 2 

ESFR see E a r 1 y sup p re ss i o 1 1 fas t- re s p o n s e ( E S F R ) s p r i n k 1 e t \s 

Exhausters 7.2. 1 (5) , 7.4.3, Fig. A.7.4.3 

Exhaust systems 7.9.2 to 7.9.7, Fig. A. 7. 9. 2 

Exhibition booths D.7 

Expanded (foamed or cellular) plastics 1 2.3.3.3. 1 , 

Table 12.3.3.3.1, 12.3.3.5.1.2(2), 12.3.5.3.1 , Table 
12.3.5.3.1, Fig. 12.3.5.4.1.4 

Definition 3.9.9 

Expansion shields 9. 1 . 3 

Exposed Group A plastics (definition) 3.9.1 

Exposure protection systems 7.7, 8.3.4.2, A. 7. 7.2. 1 ; see also 

Adjacent occupancies 

Hydraulic calculations 11.2.3.7, 14.7, A. 11.2. 3.7.1, A. 14.7 

Operational tests 1 6.2.6 

Water-cool ing towers 13.21.1.6 

Extended coverage (EC) sprinklers 1 1 .2.3.2.2.4, 1 1 .2.3.2.2.5, 

11.2.3.2.3.1, 11.2. 3.2.4(1) 

Ceiling pockets 8.8.7 

Clearance to storage 8.8.6 

Definition 3.6.2.2 

Deflector position 8.8.4, 8.9.4, A.8.8.4. 1 .3 

Obstructions to discharge 8.8.5, 8.9.5, A.8.8.5.2. 1 , A.8.8.5.3, 

A.8.9.5.2.i,A8.9.5.3 

Permitted uses 8.4.3 

Plastics display/storage, retail stores 1 2.7.2. 1(1), 

12.7.2.2(1), 12.7.2.3(1), 12.7.2.4(1), 12.7.2.5(1), 
12.7.2.6(1) 

Protection areas 8.8.2, 8.9.2, A.8.8.2. 1 , A.8.9.2. 1 

Sidewall spray 8.9, A.8.9 

Spacing 8.8.3, 8.9.3 

Upright and pendent 8.8, A.8.8 
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Extra hazard occupancies 5.4, I 1 .2- 1 -3(3) , .1 .4.4.4.9 

Acetylene cylinder clutrgi ng plants 13.10. 1 

Group I . . .' " . . ' 5.4. 1 , A.5.4. 1 

Group 2 5.4.2, A.5.4.2 

Hydraulic calculations 1 4.5.4, A.I 4.5.4 

Nitrate i iltn, rooms containing 13.6. 1 .1 

Openings, proi.eci.ion of 1 1 .2.3.3.5(3) 

Roll paper storage 12.6.2.1.2 

Spray areas and mixing areas 1 3.4. 1 . 1 , A.13.4. 1 . 1 

Sprinkler types used in 8.4.1.2 

Extended coverage sprinklers 8.8.2. 1 .3 

High temperature sprinklers I 1.2.3.2.6 

Pendent:/ upright sprinklers 8.8.2. 1 .3 

Quick-response sprinklers 1.1 .2.3.2.2.2, A. 1 1 .2.3.2.2.2 

Special sprinklers 8.4.9.2 (4) 

System protection area limitations 8.2.1 (3), 8.2.3 

Water den rand require incuts II .2.2.2, 1 1 .2.3. 1 .8(2), 

.11.2.3.2.2.2, 1 1. 2. 3.3.5(3), A. 11.2.3.2.2.2 

Extra-large-orifice sprinklers C.22 

Eye rods 9. J .2.4 



-1 



3.10.5 



Face sprinklers (definition) 

Fasteners 

In concrete 9.1.3, A.9.1 .3.9.3 

Earthquake protection 9.3.5.9, 9.3.7, A.9.3.5.9 

Powder-driven 9.1.3.9, A.9.1 .3.9 

In steel 9.1.4, A.9.1 .4.1 

I ii wood 9.1.5 

Fas t respo nse spri n kl e rs ... sec E a r 1 y s u p p re ssi. o n .fa s t- re s p o n se ( E SF'R ) 
sprinklers; Qt i i c k- r e s p o n s e ( QR ) s p r i n klei s 

Feed mains see Mains 

Film, cellulose nitrate motion picture 1 3.6, A. 1 3.6.2.3.3 

Finish, ornamental 6.2.6.3; see, also Ornamental sprinklers 

Fire control (definition) 3.3.9 

Fire department connections 8. 15. 1 .1 .1 ,3, 8.1 5. 1 ...1 .3.5, 

8. 1 5 J . 1 .4.2, 8. 1 6.5.2, A.8. 1 5. 1 .1 .3.5, A.8..1 6.5.2 

Exposure (ire protection 7.7.2.2, 7.7.2.3 

Hydrostatic tests 16.2.1.10, 17.8.1 

Marine systems 17.2.7, 17.4.9, 17.8.1, A.17.2.7.1, AJ7.2.7.7 

Specifications 6.8, 8.16.2, A.8.16.2 

Underground steel pipe used with 1 0. 1 .3 

Wei. pipe systems II .2.3. 1 .8(8) 

Fire-packed (definition) 3.12.4 

Fire pumps 12.2. i .2.2 

Electric generating plants A. 13.32. 1 (9), A. 1 3.32.1 (.1 5) 

Marine systems 17.6.1, 17.7.3, 17.7.4.1, 17.7.4.5, 

17.8.3.1, 17.8.3.2, A. 17.7.3 

Rack storage systems 1 2.3.2.1.7.2, 1 2.3.3. 1 .1 1 .2 

Room/house ' 1.3.29. .1 .8 

System operational tests 1 6.2.3.5.2 

Firestopping 1 1 .2.3.1 .8(4) (e) 

Fire suppression (definition) 3.3. 1 

Fittings 6.4, A. 6. 4.3 to A. 6. 4. 5 

Buried 10.2.5, 1 0.3, A.10.2.5 

Circulating closed-loop systems 7.6. .1.1. 2 to 7.6. 1.1.4 

Dielectric' ' 7.6.1. 1 .4 

Equivalent pipe lengths 14.4.3 

Grooved '. 10.3.3, 10.8.1.2 

joining with pipe 6.5, 10.3, 1 0.8.1.2, A.6.5 

Marine systems 17.2.4, A..1 7.2.4.1 

Materials and dimensions Table 6.4. 1 , Table 6.4.3 

Outside sprinklers 7.7.5 

Pressure 10.3.4 

Pressure limits 6.4.4, A. 6. 4. 4 

Solvent cement, use of 8.3.1.4 

Threaded 6.5.1, 10.3.1, .1.0.8. 1.2, A.6.5. 1. 2 

Underground piping 10.2, 10.3, 10.6.5, 10,7.1, 10.7.3, 10.7.11, 

A. 1 0.2.4, A. 1 0.2.5 

Welded 6.5.2, 10.3.2, 10.8.1.2, Fig. A.6.5. 2(a), Fig. A.6.5.2(b) 

Fixed guideway transit systems 13.19 



Fixed obstructions 8.10.6.3.2, 8. 10.7.3.2 

Flammable and combustible liquids, protection of 1 3.2 

Flammable and combustible materials, spray 

application using 1 3.4, A. .1 3.4. 1.1 , A. .1.3.4.2. 1 

Flat ceilings see Ceil i ngs 

Flexible listed pipe couplings 9.3.2, A. 9. 3. 2 

Deli ni lion 3.5.4 

Floors 

Openings 8,14.4, 9.3.4, 14.5 1.5, A.8.14.4, A.9.3.4 

Slatted \ 1.4.5. 1 .5 

Spaces under 8. 1 4.6 

Flow-declining pressure characteristics B.2. 1 

Flu e spaces see Eon g i t: u d i n a I flu e s p a c e s ; Tr a n s ve rs e f 1 u e s pa c e s 

Flumes, water supply connections from 15.2.5 

Flushing 8.14.16, 10.10.2.1, 16.2.1 .14, A.10.10.2.1 

Flush sprinklers (definition) 3.6.3.2 

Foam-water sprinkler systems 1 3.29. 1 .5, A. 1 3.29. 1.5 

Formulas, hydraulic 1 4.4.2, A. 14.4.2.2 

Foundation walls, piping through/under 1 5. 1 .6.2, A. 15.1 .6.2 

Free-flowing plastic materials 12.3.3. 1 .3 

Definition 3.9. 1 1 

Freezing, protection from 8. 1 5.2.3.2, 8. 1 5.2.5.3, 

8.15.2.6.6, 8.15.3.1, 10.5, 12. 1.4.2, A.8..15.3. 1.3, 
A. .1.2. 1.4.2: see also AymUtcczc systems 

Friction Joss formula 1 4.4.2. 1 , 14.4.4.5 

Furnaces, industrial A.8. 1 4. 1 1 

Special process atmosphere, using 1 3. 16 

Fusible elements 7.3.1.4 



-G- 

Gases 

Cylinder storage see Cylinders 

Liquefied natural gas (LNC), production, storage, 

and handling of '. .1.3.13 

LP-Gas at utility gas plants 1 3. .1.2 

Gate valves '..'." 6.7. 1.3.1 , 8.1 5. 1 .1.2.3 

Gauges see Pressure gauges 

Generators 

Erne rge n cy, e 1 ec tri c ge n e rati j i g 

plants ....'. \ A..1 3.31 .1 (.14), A. 1 3.32.1 (6) 

ESFR sprinklers 1 2.3.2.3.2 

Standby emergency 12.3.2.3.2, 1 3.29. 1.7 

Turbi ne sue Turbi ne-generators 

Glycerine 7.5.2. 1 , 7.5.2.2 

Graph sheets 1 4.3.4, A. 14.3.4 

Gratings, sprinklers under .... 8.5.5.3.3, 8.6.5.3.3, 8.6.5.3.5, 8.7.5.3.2, 
8.8.5.3.2, 8.8.5.3.4, 8.9.5.3.2, 8.10.6.3.2, 8.10.6.3.4, 
8.10.7.3.2, 8. 11.5.3.3,8.12.5.3.4, A.6.2.8, A.I 2.3.2.5. U 

Gravity chutes 13.15.2.1.1 

Gravity tanks 8.15.1.1.5, 11.2.3.1.8(11), 15.2.4, A.8.15. J ,1.5 

G ridded systems 

.Definition 3.4.6, Fig. A.3.4.6 

Hydraulic calculation procedures 1 4.4.4.2, A. 1 4.4.4.2 

Preaetion systems 7.3.2.5 

Groove joining methods 6.5.3, 1 0.3.3, 10.8.1.2 

Ground floors, spaces under 8.1 4.6 

Guards, sprinkler 6.2.8, A.6.2.8 

-H- 

Hangars, aircraft 1 3.24 

Hangers 6.6, 9.1, A.6.6, A.9. 1 

Branch lines, location on 9.2.3, A.9.2.3 

Component material 9.1.1.5 

Distance between, maximum 9.2.2, A.9.2.2 

Earthquakes, subject to 9.3.7 

Expansion sh ields 9.1.3 

Fasteners 

In concrete 9. 1 .3, A.9.1 .3.9.3 

In steel 9.1.4, A.9.1 .4. .1 

In wood 9.1 .5 
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Installation 9.2, A.9.2 

Mains, location on 9.2.4 

Marine systems 1.7.2.5.1(5), 17.2.5.1(6), 17.2.5.3, A.17.2.5. 3 

Non-system components, support of 9. 1 . 1 .7, A. 9. 1 . 1 .7 

Powder-driven and welding studs 9.1.3.9, 9 1.4,1, 9.3.7.8, 

9.3.7.9, A.9. 1. 3.9.3, A.9. 1.4.1 

Risers supported by 9.2.5 

Rods see Rods 

Trapeze 9.1 1.6, 9.2. 1.3.2, 9.2.4.5, A.9. 1.1.6 

U-hooks see U-hooks 

Hardware Chap. 6 

Hazardous areas, protection of piping in 8.15.3.3 

Hazen-Williams formula 14.4.2.1.1, 14.4.3.2, 14.4.4.5, B.2.1.3 

Heat detectors 13.21.2.8 

Heating systems 

Sprinklers near components 8.3.2.5(2) 

Unit heaters, sprinklers installed below 8.12.5.2(1) 

Heat-responsive devices, preaction and deluge systems 7.3.1.4 

Heat-sensitive materials 1 7.4. 1 0, A. 1 7.4. 10.1 (4) 

Definition 3.14(4), 17.1.3(4), A.3.14(4), A.17.1. 3(4) 

Heel angle (definition) 3.14(6) , 17.1.3(6) 

Heel (definition) 3.14(5), 17.1.3(5) 

Hexagonal bushings 8.14.19.2 

High-challenge fire hazard (definition) 3.3.11 

High-expansion foam systems 12.1.11 

Palletized, solid pile, bin box, or shelf storage 12.2.1.3 

Plastic pallets, protection of 12.1 .9.2.2(1) (c) 

Rack storage 12.3.1 .8, 12.3.2.5.2, 1 2.3.4.5.1 , 

A. 12.3. 1.8.1, A. 12.3.2.5.2.2 

Roll paper storage 12.6.1.3, 12.6.2.1.6, 12.6.2.1.7 

Rubber ti re storage 1 2.4. 1 .3, 1 2.4/1 

High-piled storage \ 8.2.1(4), 8.2.3, 8.4.9.2(4), 8.8.2.1.3 

Definition 3.3.12 

High-rise buildings see Buildings, multistory 

High temperature-rated sprinklers 8.3.2.3 to 8.3.2 5, 

8.13.2.2, 11.2.3.2.6, 12.3.2,5.1.2(1 ) ; A. 12.2. 3.1.1 

Ceili n g spri n klers, rack storage 12.3.1 .4, 1 2.3. 1 .5 , 12.3.4. 1 . 1 , 

A.12. 3.4.1.1,0.19 '" 

Plastic pallets, protection of 1 2. 1 .9.2.2 (2) (c) 

Protection criteria 1 2.2.2.1 .5 

Roll paper storage 12.6.2. 1.4, A. 12.6.2. 1.4 

High voltage direct current converter stations A. 1 3 .31, A. 1 3.3 1 . 1 , 

A. 13.31. 2 

High water level device, dry pipe systems 7.2.5.5 

Hoods 

Electrical equipment protection 8.14.10.2 

Sprinklers in 7.9.2. 1 , 7.9.4 to 7.9.7 

Horizontal barriers 12.3.1.12, A. 12.3.1 . 12 

Definition 3.10.6 

Horizontal ceiling see Ceilings 

Horizontal channels (definition) 3.11.2 

Hose 9.3.2.3(5) 

Hydraulic calculations 11 .2.3. 1 .3, 1 1.2.3.1 .4 

Outside see Outside hose 

Palletized, solid pile, bin box, or shelf storage 12.2.1.2.1, 

12.2.1.2.2 

Rack storage [ 2.3. 1.3 

Small ; 8.16.5.1, 12.1.3, 12.6.1.2, A.8.16.5. 1.1, A.8. 16.5.1.4, C.l 

Hose connections 8.16.5, A. 8. 16.5, C.5 

Fire department see Fire department connections 

Marine systems 17.4.9, 17.8. 1 

One-and-one-h all-inch .see Hose, small 

Hose stations .... 8.16.5.1.3(2), 8.16.5.1.4, 11.2.3.1.8(7), A.8.16.5. 1.4 
Hose streams 

Baled cotton storage 12.5.1.2 

Marine systems 1 7.5.3, A. 1 7.5.3 

Miscellaneous storage 12.1.10.2 

Nuclear power plants 13.29.1.1, 13.30.1 (2), A.13.29. 1.1 

Palletized, solid pile, bin box, or shelf storage 12.2. 1 .2, 

12.2.2.2.2.5, 12.2.3.2.2.4, A.12.2.1.2, C.8 

Plastics storage 12.2.3.2.2.4, 12.3.3.1.11, 12.3.3.2.3.4, 

12.3.5. 1.3, A.J2.3.3.L11, C.8 



Rack storage systems 1 2.3.2.1 .7, Table 1 2.3.2. .1 .7, 

Tlable 12.3.2.2.1 (a) , 12.3.2.2.3.4, 1 2.3.3.1.11, 
12.3.3.2.3.4, 12.3.4.1.5, 12.3.4.2.3.4, 12.3.5.1.3, 
A. 12.3.2. 1.7, A. 12.3.3.1. 11, CO, C.8 

Residential sprinklers 11 .2.3.5.5 

Roll paper storage 1 2.6.1 .2, 1 2.6.1 .3 

Water-cooling towers 13.21.1.7.3 

Hose valves . . ." 11 .2.3.1 .8(8) 

Hydrants 8.16.5.1.3(1), .10.7.1, 10.7.3, 10.7.5, 

10.10.2.2.4(3), 16.2.3.5 

Hydraulically designed systems see also Hydraulic calculations 

Circulating closed-loop systems 7.6.1 .2, A. 7. 6. 1 .2 

Definition 3.3. 13 

Deluge systems 7.3.3.2, 1 .4.6 

Exposure systems 1 1.2.3.7, A.l 1.2.3.7.1 

Extra hazard occupancies 1 4.5.4, A.l 4.5.4 

Fire department connections 8.1 6.2.3(3) 

In formation signs 1 6.b, Fig. A. 1 6.5 

In-rack sprinklers 12.3.1.11.1, 14.8 

Marine systems 17.5.1.1 

Rack storage 

Storage up to and including 25 ft. in height 1 2.3.2. 1 , 

A.l 2.3.2.1, C.8 

Revamping of 8.1 4. 1 9.4 

Roll paper systems 1 2.6.2, A. 1 2.6.2 

Small orifice sprinklers used in 8.3.4. 1(1) 

Hydraulic calculations 

Aircraft engine test facilities 1 3.26. 1 .2 

Density/area points 11 .2.3. 1.5, A.l 1 .2.3.1 .5.2 

Equivalent pipe lengths, valves and fittings 1 4.4.3 

E xi s ti n g sys te m s , e va 1 u a ti o n an d t n o d ideation of 11.2. 3 .1.5.2, 

1 2.2.2.4.2, 1 2.3.2.5.3, A. 1 1 .2.3. 1 .5.2, A.l 2.2.2.4.2, 
A. 12.3.2.5.3 

Exposu re systems 1 4.7, A. 1 4.7 

Forms 14.3, A. 1 4.3.2 to A. 1 4.3.4 

Formulas 1 4.4.2, A.l 4.4.2.2 

Graph sheets 1 4.3.4, A.l 4.3.4 

Methods 11 .2.3, A. 1 1 .2.3 

Multiple hazard classifications 11.2.3.1.7 

Procedures 1 4.4, A.l 4.4, B.2. 1 .3 

Symbols and abbreviations 1 .7.2 

Water curtains 11.2.3.1.8(5), 11.2.3.8 

Water supply information 1 4.2 

Hydraulic junction points 1 4.4.2.4 

Hydraulic release systems 7.3. 1 .5 

Hydroelectric generating plants A. .1 3.32 

Hydrostatic tests '. 10.10.2.2, 16.2.1, 17.8. 1, A..I0. 10.2.2, 

A.16.2.U2 ; A.16.2.1.15 
Hyperbaric chambers, Class A 1 3. 1 8, A. 1 3. 1 8 

-I- 

Identification see also Signs, caution 

Fire department connections 8. 1 6.2.4.5, 8.16.2.4.7 

Hydraulically designed systems 1 6.5, Fig. A. 16.5 

Pipe .' \ .' '.... 6.3.8 

Sprinklers 6.2.2, 6.2.3, A.6.2.2, A.6.2.3 J 

Valves 6.7.4, 8. 15.1. 1 .8, 1 7.2.6.3, A.6.7.4 

In valve pits 8.1 5.1 .4.3 

Impairments A. 1 8.1 

Incinerators, systems, and equipment 13.15 

Indicating valves 7.9.9,8.15.1.1.1.1,8.15.1.1.1.2,8.15.1.1.4,1, 

8..15J .1 .5.1 , 8.1 5.1 .2.4, 8.16.1 .4, A.8. 15.1.1.7 

Combined dry pipe-preaction systems 7.4.2.5, 7.4.2.7 

Industrial ovens and furnaces A.8. 14.1 I 

Special process atmosphere, using 1 3.1 6 

In-rack sprinklers 8.13, 12.1.12, 12.3.1.11, 14.8, A.8.13.3.1 

Ceiling sprinkler water demand and 12.3.1.5, 1 2.3.3.1, 

12.3.3.1.9, A.12. 3.3.1. 2, C.8, C.21, C.22 

Discharge pressure 1 2.3.2.4.4, 1 2.3.3.4.4, 12. 3.4,4.4, 

12.3.5.4.4, C.15, C.19 
Earthquake damage, protection from 9.3.2.3(5) 
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High-expansion foam systems .1.2.3.1 .8.2 

Horizontal barriers 12.3.1.12, A. 1 2.3.1.1 2 

Hose eon nections and 8. 16.5. 1 .3(5) 

Large drop and specific application control mode 

sprinklers 12.3.2.2.2, 12.3.4.2.2 

Location 8.6.3.4.3 

Plastics storage 12.3.3.4.1, 12.3.5.4.1, A.12.3.5.4.L3 

Storage ove r 25 ft 1 2.3.4 .4, 1, 12 . 3. 5 .4. 1. , A. 1 2.3 .4.4. 1 , 

A. 1 2.3.5.4.1. 3 

Storage up to and including 25 ft. in height 12.3.2.4.1, 

12.33.4.1 

Obstructions to d ischarge 8.1 3.5 

Operating pressure 12.1.12.1 

Oxidizers' storage of .1 3.27.1.4.2, 13.27.1.5.2 

Pipe 

Hangers 9.2.1 .2 

Size ' 12-3. 1 .11.1 , 14.8.1 

Plasties storage 12.3.3.1.9, 12.3.3.1.10, 12.3.3.2.2, 12.3.3.4, 

.123.5.4, A. 12.3.5.4. 1.3, C. 19 

Retail display/storage 1 2.7.2.4 to 1 2.7.2.6 

Spacing 

Storage over 25 ft 1 2.3.4.4.2, 12.3.5.4.2 

Sto ra ge u p to a n d i n cl u d i n g 25 ft. i n h e i gh t 12.3.2.4.2, 

12.3.3.4.2, A..12. 3.2.4.2, C..16 to C.18 

Tire storage 12.4.3.2 

Storage over 25 ft 12.3.4.3.5, 12.3.4.4,12.3.5.4, 

A. 12.3.4.4, A. 12.3.5.4.1.3 
Storage up to and including 25 ft. in height ... 12.3.2.2.2, 12.3.2.4, 
12.3.3.1.9, 12.3.3T.10, 12.3.3.4, A.12.3.2.4, C.19 

System control valves 8.15. 1.6, A.8. 1 5.1 .6 

Tire storage 12.4.1.2, 12.4.1.3, 12.4.3 

Water demand see Water demand requirements 

Waterflow alarms C.4 

Inspections Chap. 18 

Marine systems 1.7.9 

Installation Chap. 8 

Application of sprin kler types 8.4, A.8.4 

Baffles 8.6.3.4.2 

Basic iequ i rernents 8. 1 , A.8. 1 

Location 8.5 to 8.1 2, A.8.5 to A.8.12 

Pipe hangers 9.2, A.9.2 

Piping . .'. 8.15, 10.7, A.8.15 

Protection area per sprinkler 8.5.2, 8.7.2, 8.8.2, 8.9.2, 8.10.2, 

8.11.2, 8. 12.2, A.8.8.2.:i,A.8.9.2.:i,A.8.11.2, Fig. 
A.8.12. 2.2.3 

Spacing 8.5.3, 8.6.3, 8.7.3, 8.8.3, 8.9.3, 8.11.3, 8.12.3, 

A.8.6.3.2.1 , A.8.6.3.2.4, A.8.11 .3.1, Fig. A.8.1 2.2.2.3 

Special situations 8.14, A.8. 14 

System protection area limitations 8.2 

Use of sprinklers 8.3, 8.5, A.8.3, A.8.5 

Waterflow alarms 6.9. 1 

Instructions, system 16,4, 1 7.9 

Intermediate level sprinklers 8.5.5.3.3, 8.6.5.3.5, 8.8.5.3.4, 

8.12.5.3.4, 8. 13.3.1, A.8.13.3.1 

Del j n i lion 3.6.4.3 

Intermediate temperature-rated sprinklers 8.3.2.3 to 8.3.2.5, 

12.2.2.1.7, 12.3.2.5.1.2(1) 

Ceiling sprinklers, rack storage 12.3.1.4, 12.3.1 .5 

In-rack sprinklers " 8.13.2.2 

Marine systems 1 7.4.1 

International shore connections . 17.2.7, 17.8.1, A.J 7.2.7.1, A. 17.2.7.7 

Definition 3.14(7), 17. 1.3(7), A.I7.1.3(7) 

Isolation valves 10.6.2 

J 

joints 6.5, A. 6. 5 

Brazed and soldered 6.5.4, A.6.5.4 

End treatment 6.5.6 

Groove joining methods 6.5.3 

.Restraint ' 10.8, A. 10.8 



Underground pipe 10.2.4, 10.3, 10.6.7, 10.8, A.10.2.4, 

A.10.6.7,A.10.8 
Welded 6.5.2, Fig. A.6.5.2(a), Fig. A.6.5.2(b) 



Laboratories 

Chemicals, using 13.8 

Motion picture .film 1 3.6.2.5 

Laced tire storage Table 1 2.4.2(d) 

Definition 3.11.3 

Lakes, water supply connections from 1 5.2.5 

Large drop sprinklers 8.4.7, 8.1.1, 1 1 .2.3.2.4(2), 12.1 .2.3, 

A.8.4.7.1, A.8.11 

Clearance to storage 8.11.6 

Definition 3.6.2.3 

Deflector position 8.11.4, A.8.1 1. 4.1 

Discharge characteristics 6.2.3.5 

Distance below ceilings 8. 1 1 .4. 1 , A.8. 1 1.4.1 

Obstructions to discharge 8.11.4.1.2, 8.1 1 ..5, A.8.11. 5 

Palletized, solid pile, bin box, or shelf:' storage 1 2.2.2.2, 

12.2.3.2 

Preaction systems, use in see Preaction systems 

Protection areas 8.11.2, A.8. 11.2 

Rack storage 

Over 25 ft. in height .1 2.3.4.2 

Up to and including 25 ft. in height 1 2.3.2.2, 12.3.3.2 

Roll paper storage 1 .2.6.2.2 

Rubber tire storage 1 2.4. 1.4(3) , .1 2.4.2, A.J 2.4.2, 

Table 12.4.2.1(b) 

Spacing 8.11.3, A.8. 11.3.1 

Steel columns 12.3.1.7(3) 

Library stack rooms 8.14.9 

Life safety code Annex D 

Light Fixtures, sprinkler distance from 8.7.5. 1.2, 8.7.5.1 .3 

Light hazard occupancies 5.2, 1 1 .2 1 .3 ( 1 ) , A.5.2 

Fire department connections 8.1 6.5.2.1 

Open-grid ceilings 8.1 4.12(1 ) (a) 

Openings, protection of 11.2.3.3.5 

Pipe schedule 14.5.2, A. 1 4.5.2.6 

Sprinkler types used in 8.4.2 ( I ) 

Extended coverage sprinklers 8.8.5.2.2, 8.9.5.2.2 

Pendent/upright sprinklers 8.6.4. 1. 1 .3, 8.6.5.2.1 .4, 

8.6.5A2, 8.8.5.2.2, A.8.6.5.2.1.4 

Quick-response sprinklers 11.2.3.2.3.1 (2) 

Sidewall spray sprinklers 11 .2.3.2.2.3 

Sidewall sprinklers 8.7.5.2.2, 8.9.5.2.2 

Small orifice sprinklers 8.3.4.1 

Special sprinklers 8.4.9.2 (3) 

Thermal sensitivity 8.3.3.1, A.8.3.3. 1 

System protection area limitations 8.2.1(1), 8.2.3 

Water demand requirements 11.2.2.1, 1 1.2.3. 1 .8(1) , 

11.2.3. .i.8(4)(b), 11.2.3.2.2.3, 11.2.3.3.5, 
A.l 1.2.3.1. 8(4) (b) 

Lighting fixtures, sprinklers obstructed by 8. 11 .5.3.2, 8. 1 2.5.1 I, 

8.12.5.2(1), 8.12.5.3.1(1) 

Limited area systems 4.2 

Limited-combustible material (definition) 3.3.14 

Lines, branch see Branch lines 

Lintels 8.7.4. 1 .3, 8.9.4.1 .3 

Liquefied natural gas (LNG), production, storage, 

and handling of 13. J 3 

Listed 

Definition 3.2.3, A.3.2.3 

Han ge rs 9.1.1.4 

System components and hardware 6. 1 . 1 , A. 6. 1 . 1 

Underground pipe 1 0.1. 1 , A. 1 0. 1 . 1 

Longitudinal flue spaces 12.3.1.13, 12.3.1.14,0.13 

Definition 3.10.7, Fig. A.3. 1 0.7 
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E a rl v s 1 1 p p re ssi o n fa s t- res po use ( ESFR) 

sprinklers 12.3.2.5.] .2(6), 1 2.3.3.3.2, 

12.3.3.5.1.2(6), 12.3.4.3.2, 12.3.4.3.5, 12.3.5.3.2, 
12.3.5.3.5 

Plastics display/storage, retail stores 12.7.2.1(12), 12.7.2.5(7) 

Loo ped syste ms A . 1 . 1 ; see a Iso C ire u 1 a t i n g c 1 o s e d-l oo p sys te i n s 

Definition 3.4.7, Fig. A.3.4.7 

Louver ceilings see Open-grid ceilings 

Low-pressure blowof f valves 8.3.2.5 (3) 

LP-Gas, storage and handling at utility gas plants 13.12 



-M- 

Machine rooms, elevator 8.14.5.3, A. 8. 14.5.3 

Main drain test connections 8.16.4. 1, A. 8. 16.4.1 

Main drain valve test 1 6.2.3.4 

Mains see also Cross mains; Private fire service main; Yard mains 

Feed 8.15.3. 1 .3, A.8.1 5.3. 1.3 

Definition 3.5.3 

Hangers, location 9.2.4 

Heavily loaded, protection of 10. 6. 6 

Nuclear power plants 13.29.1.2, 13.29.2.1, A.13.29.2. 1.2 

Size of 15.1.3 

Steep grades, rostral nt on 1 0.8. 1.3 

Maintenance, system Chap. 1 8 

Mari ne systems 1 7.9 

Marine systems Chap. 1 7 

Acceptance 17.8 

Definitions 3.14(8), 17.1.3(8), A.3.J4(8) 

Design approaches 17.5, A. 17.5.2 

Fire department connections 1 7.2.7, A.1 7.2.7. 1, A. 17.2.7.7 

Installation requirements 17.4, A. 17.4 

International shore connections 17.2.7, 1 7.8.1 , A. 17.2.7.1, 

A. 17.2.7.7 

Mai n tenance 17.9 

Occupancy classifications 1 7.1 .4, A. 17.1 .4 

Partial installation 1 7. 1 .5, A. 17.1 .5 

Piping 17.2.2, 17.2.4, 17.2.5, 17.3.3, 17.4.10, 17.7.4.5, 

A. 1 7.2.2, A. 1 7.2.4. 1, A. 1 7.2.5, A.1 7.4. 10. 1 (4) 

Plans and calculations 1 7.6, A. 1 7.6.4 

Requirements 1 7.3, A. 17.3. 1 

Spare sprinklers 17.2.3 

System components, hardware, and use 1.7.2, A. .1.7.2 

Valves 17.2.6, 17.7.4.2, AJ7.2.6.1 

Water supplies 1 7.7, A. 17. 7 

Marine thermal barriers A 1 7.2.2 

Definition 3.14(9), 17.1.3(9), A.3. 14(9), A.17.L3(9) 

Measurement, units of 1.7.1 

Mechanical damage, protection from 8.15.3.3.1 , 8. 15.4 

Meters 15.1.7, A. 15.1 .7 

Mezzanines 8.2.2, 9.3.2.3(5) , 14.5.1.5 

Miscellaneous storage 12.1.10 

Definition 3.3. 15, A.3.3. 1 5 

Discharge criteria 12. 1 .10.1, Table 12.1.10 

Hose stream demand and water supply duration 12.1.10.2 

In-rack sprin klers 12.1.12.2 

Ti res 12.4.1.5 

Definition 3.1 1.4, A.3.11.4 

Mixed commodities 5.6. 1.2 

Mixing rooms, sprinklers for 6.2.6.4, 13.4, A. 13. 4. 1.1, A. 13. 4.2.1 

Motor vehicle components see Automotive components 

on portable racks 

Moving stairways 8. 1 4.4, A.8. 14.4 

Multistory buildings see Buildings, multistory 



-N- 

Naked cotton bales (definition) 3.12.5 

New technology 1.6 

Nitrate film 13.6, A.13.6.2.3.3 

Nitrogen pressurized systems 7.2.6.8, 7.8.2.4, 7.8.2.7, 

A.7.8.2.4,A.7.8.2.7 



Noncombustible material (definition) 3.3.16 

Nonfire protection connections to sprinkler systems . . . 7.6, A.7.6. 1 .2 

Working plans 1.4.1 .5, A. 14. 1 .5 

Normal pressure formula 1 4.4.2.3 

Nozzles (definition) 3. 6. 2. 4 

Nuclear power plants 

Ad van c e d light wa te r r e a c to r e I e c t ri c ge n e ra tin g plants 1 3 . 29 , 

A 13.29 

Light water 13.29, 13.30, A.13.29, A.13. 30.1 

-O- 

Obstructed construction (definition) 3.7, 1 , A. 3.7. 1 ; see also 

Obstruct! o n s to s p r i n k 1 e r d i sc h a i ge 



Obstructions to sprinkler discharge 



,8.7.5,8.9.5,8.11.5, 



8.1 2.5, A.8.5.5. 1 to A.8.5.5. 3, A.8.7.5.2. 1 , A.8.7.5.3, 
A.8.9.5.2.1,A.8.9.5.3,A.8.11.5,A.8.12.5.2 

Circulating closed-loop systems 7.6. 1 .4 

Double joist 8.6.4. 1 .5 

Early suppression fast-response (ESFR) sprinklers see Early 

suppressi on f as t- res p o use (ESFR) s p r i n kl e rs 

Extended coverage sprinklers 8.8.5, A.8.8.5.2. 1 , A.8.8.5.3 

Fixed \ . 8.5.5.3. 1 , 8.6.5.3.3, 8.7.5.3.2, 8.8.5.3.2, 8.9.5.3.2 

Hazard, d i sc h a rge p re ve n te d Fro m reaching 8.5.5.3, 8 . 6 . 5 . 3 , 

8.7.5.3, 8.8.5.3, 8.9.5.3, 8.10.6.3, 8. 10.7.3, 8.1 1 .5.3, 
A.8.5.5.2, A.8.6.5.3, A.8.7.5.3, A.8.8.5.3, A.8.9.5.3, 
A.8.1 0.6.3, A.8. 10.7.3, A.8.1 1.5.3 

In-rack sprinklers 8.13.5 

Large drop sprinklers 8. 1 1 .4. 1 .2, 8.1 1 .5, A.8. 1 1 .5 

Pattern development 8.5.5.2, 8.6.5.2, 8.7.5.2, 8.8.5.2, 

8.9.5.2, 8.10.6.2, 8. 10.7.2, 8.1 1 .5.2, A.8.5.5.2, A.8.6.5.2, 
A.8.7.5.2. 1 , A.8.8.5.2. 1 , A.8.9.5.2. 1 , A.8.1 0.6.2. 1 , 
A.8.10.7.2.1, A.8.1 1.5. 2.1 

Pendent sprinklers see Pendent sprinklers 

Performance objectives .... 8.5.5.1, 8.6.5.1, 8.7.5.1, 8.8.5.1, 8.9.5.1, 
8. 10.6.1, 8. 10.7. 1 , 8. 1 1 .5. 1 , Fig. A.8.5.5. 1 

Residential sprinklers 8.10.5 to 8.10.7, A.8.1 0.6.2.1, A.8.1 0.6.3 

Sidewall spray sprinklers see Sidewall spray sprinklers 

S u s pe n d ed o r fl oo r-m oun ted ve rti cal 8.6.5.2.2, 8.7.5.2.2, 

8.8.5.2.2, 8.9.5.2.2, 8.10.6.2.2, 8. 10.7.2.2, A.8.6.5.2. 2 

Upright sprinklers see Upright sprinklers 

Water demand calculations 11 .2.3.1 .8(6) 

Occupancy classifications 5. 1 , 1 1 .2. 1 , A. 5.1 ; see, also Extra hazard 

o cc u p a n c i e s ; L i g h t. h a za . r d oc cup a n c i es ; O r d i n a ry 
hazard occupancies; Special occupancy hazards 

Changes .' 8.3.2.6 

Marine 17. .1.4, A. .17. 1.4 

Sprinkler types selected for use 8.4.1 , 8.4.2, 8.4.4, 8.4.5, 

A.8.4.5.1 

Water demand requiremen ts 11.2.1.1 

Pipe schedule method 1 1 .2.2, A. 1 1 .2.2.8 

Occupancy hazard fire control design approach 1 1 .2, A. 1 1 .2 

Old-style /conventional sprinklers 8.6.3.4.4, 8. 14.12(1 ) (a), 

8.14.14, A.8.14.14.2 

Definition 3.6.2.5 

On-side tire storage Table 12.4.2(a) , Table 1 2.4.2 (c) , 

Table 12.4.2(d) 

Definition 3.11.5 

On-tread tire storage Table 1 2.4.2(a) , Table 1 2.4.2 (c) , 

Table 12.4.2(d) 

Definition 3.11.6 

Open-grid ceilings 8. 14. 12, A.8. 14. 1 2 

Definition A.3.7.2 (2) 

Openings; see also Vertical shafts 

Pipe through, clearance for 9.3.4, A. 9. 3. 4 

Protection of 1 1 .2.3.3.5 

Convenience openings, dwelling units 8. 1 4.4.5, 

A.8.14.4.5(2) t " 

Floors openings 8. 1 4.4, A. 8. 1 4.4 

Large openings 8.1 4.4.4 

Open sprinklers 8.4.4 

Definition 3.6.2.6 
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INSTALLATION OF SPRINKLER SYSTEMS 



Open-top combustible containers 12.3.2.3.1. 1 (2), 

12.3.3.3.1.1(2), 12.3.4.3.1.1(2), 12.3.5.3.1.1(2) 

Operational tests, system 16.2.3, 17.8.3, A.I6.2. 3.2 

Ordinary hazard occupancies 5.3, 11.2 1.3(2) 

Airport terminals 13.25.1. 1 

Fire department connections 8.1 6.5.2. 1 

Group I 5.3. 1 , A.5.3.1 

Group 2 5.3.2, A.5.3.2 

Laboratories using chemicals 13.8. 1 

Open-grid ceilings 8. 14.1 2(1 ) (b) 

Open i ngs, protection of 1 1.2.3.3.5 (3) 

Pipe schedule 14.5.3 

Roll paper storage 12.6.2.1.1 

Spray application areas 13.4. 1 .4 

Sprinkler types used in 8.4.2(2), 12.1.2.3 

Large drop sprinklers 12.1.2.3, 12.2.2.2.2.1 

Pendent/upright sprinklers 8.6.4. 1 .1.3, 8.6.5.2.1.4, 

8.6.5A2, A.8.6.5. 2. 1.4 

Quick-response sprinklers 1 1.2.3.2.3.1 (2) 

Sidewall spray sprinklers 1] .2.3.2.2.3 

Special sprinklers 8.4.9.2(3) 

System protection area limitations 8.2.1 (2), 8.2.3 

Water demand requirements 11.2.2.1, 11.2.3.1.8(1), 

1 1.2.3.1.8(4) (b), 11.2.3.2.2.3, 11.2.3.3.5(3), 
A.I 1.2.3.1. 8(4) (b) 

Ordinary temperature-rated sprinklers 1 2.3.2.5.1.2(1), 

I2.3.4.3.4.5,A.12.2. 3.1.1 

Ceiling sprinklers, rack storage 12.3.1.4, 12.3.1.5, 

12.3.4. 1.1, A. 12.3.4.1.1,0.23 

In-rack sprinklers 12.3.5.3.5 

Protection criteria lor 1 2.2.2. 1 .5, 12.2.2.1.7 

Organic peroxide formulations, storage of 1 3.28 

Orifice sizes, hydraulic calculation procedures 1 4.4.4.6, 

14.4.4.7, A.I 4.4.4.6, A. 14.4.4.7 

Ornamental finishes 6.2.6.3 

Ornamental sprinklers 3.6.4.4, 6.2.6.3 

Definition 3.6.5.4 

Outside hose U. 2.3.1.3, 11.2.3.1.4, 11.2.3.1.8(9) 

Palletized, solid pile, bin box, or shelf storage 12.2.1.2.1, 

12.2.1.2.2 

Rack storage systems 1 2.3.2. 1 .7, A I 2.3.2.1 .7, C.8 

Outside sprinklers 7.7, 1 .1.2.3.7, A.7.7.2. 1, A.1I. 2. 3.7.1; see also 

Exposure protection systems 

Ovens, industrial A.8.14.11 

Overhead doors 

Protection of area below 8.4.2 (3) 

Sprinklers obstructed by 8.5.5.3.1, 8.6.5.3.3, 8.7.5.3.2, 

8.8.5.3.2, 8.9.5.3.2, 8.J0.6.3.2, 8.10.7.3.2, 8.12.5.3.5 

Owner's certificate 4.3 

Oxidizers, liquid and solid, storage of 1 3.27, A. 13.27 

Oxygen-fuel gas system for welding, cutting, 

and allied processes 1 3.9 

-P- 

Packaging (definition) 3.9.12; see also Containers; Encapsulation 

Paddle-type waterflow alarms 6.9.2.4, A.6.9.2.4 

Painting, of sprinklers 6.2.6.2, 6.2.6.4.4, A.6.2.6.2 

Palletized storage 14.4.4.9 

Definition 3.9.13 

Discharge criteria 12.1. 10. 1.1, Table 12.1.10 

Early suppression fast-response (ESFR) sprinklers 12.2.2.3, 

Table 12.2.2.3.1, 12.2.3.3 

Hose steam demand and water supply duration 12.1.10.2. 1 

P I asti c a n d r u bbe r com m od i ti es 12.2.1.1, 12.2.1.3.1, 

12.2.3, A. 12.2.3 

Special design for 12.2.2.4, 12.2.3.4, A. 12.2.2.4.2 

Sprinkler system design approach 1 2.2, A.I 2.2, C.8 

Tires ' Table 12.4.2(a), Table 12.4.2(b), Table 12.4.2(b) 

Definition 3. 1 1.7 

Pallets 

Idle 12.1.9, 12.2.1.3.1, A 12. 1.9, C.7 



Discharge criteria 1 2.1.10. LI 

High-expansion foam systems 12.1.11.3, 12.1.11.4 

Hose stream demand and water supply duration ... 12.1. 10.2.2 

Plastic 12.1 .9.2 

Wood I2.L9.1, Table A.I2.L9. LI, A.12.I.9. 1.2, C7 

Plastic see Plastics 

Rack storage 12.3.2. L6 

Types, and commodity classification 5.6.2 

Panel construction (definition) A.3.7.1 (4) 

Paper 

Defin ition 3.13.5 

Roll see Roll paper storage 

Tissue see Tissue paper 

Partial systems 11.2.3.1.8(8) (c), 17.1.5, A.17.1.5, D. 10 

Patient sleeping rooms D.9 

Pendent sprinklers 8.6, A. 8. 6 

Ceiling pockets 8.6.7, 8.8.7 

Clearance to storage 8.6.6, 8.8.6, A.8.6.6 

Combined dry pipe-p reaction systems 7.4. 1. 4, A.7.4. 1 .4(2) 

Concealed spaces, in 8.6.4.1.4 

Definition 3.6.3.3 

Deflector position 8.6.4, 8.8.4, 8.10.4.1, 8.12.4.1.1, 8.12.4.1.2, 

A.8.6.4,A.8.8.4.1.3 

Drains, auxiliary 8.15.2.5.3.2 

Dry-pendent sprinklers A.8.14.11 

Dry pipe systems 7.2.2, A.7.2.2 (2) 

Elevator hoistways 8. 1 4.5.4, A.8. 1 4.5.4 

Extended coverage 8.8, A.8.8 

Hanger assemblyfor 9.2.3.4.3.1, 9.2-3.4.3.2, 9,2,3.5,2.1, 

A.9.2.3.4.3,A.9.2.3.5.2 

KTactor of sprinklers, storage use 12. LI 3.2 to 12.1 . 13.4 

Marine terminals, piers, and wharves 1 3.22.2.2 (1 ) 

Obstructions to discharge 8.6.4.1. 2, 8.6.4.1. 5, 8.6.5, 8.8.5, 

8.10.6, 8.12.5.3.2, A.8.6.4.L2(5), A.8.6.5, A.8.8.5.2.1, 
A.8.8.5.3,A.8.10.6.2.1,A.8.1 0.6.3 

Permitted uses 8.4. 1 

Preaction systems 7.3.2.4, A.7.3.2.4(2) 

Protection areas 8.6.2, 8.8.2, A.8.6.2.2. J , A.8.8.2. 1 

Return bends 8.1 4.18.1, 8.14.18.4, 17.4.8 

Spacing 8.6.3, 8.8.3, A.8.6.3.2. 1 , A.8.6.3.2.4 

Penstocks, water supply connections from 15.2.5 

Peroxide, organic see Organic peroxide formulations, storage of 

Piers 1 3 . 2 2 , A. 1 3 . 2 2 . 1. 1 

Piles see Sol id piled storage 

Pile stability (definitions) 3.9.14, 3.9.J5, A.3.9.14, A.3.9.I5 

Pipe friction loss 14.4.2.1.1, 14.4.4.5 

Pipes and piping see also Fittings; Risers; Valves 

Above drop-out ceilings 8.14.13.4, A.8. 1 4.13.4 

Aboveground 6.3, A.6.3 

Antifreeze systems 7.5.3, A.7.5.3,1, A. 7.5. 3.2 

Bending 6.3.7 

Capacities 7.2.3.2, 7.2.3.3 

Circulating closed4oop systems 7.6. 1 . 1.2 to 7.6. L 1.4, 

7.6.L2,A.7.6.L2 

Clearance 9.3.4, A.9.3.4 

Couplings see Couplings 

Domestic water supply, connections to D.4 

Drainage 8. 15.2, A.8.1 5.2 

End treatment 6.5.6 

Equivalent lengths, valves and fittings 14.4.3 

Flushing of see Flushing 

Foundation walls, piping through/ under 15. .1 .6.2, A. 1 5. 1.6.2 

Grounding, use for 10.6.8 

Hazardous areas, protection of piping in 8. 15.3.3 

Heat-sensitive materials ~ 17.4.10, A.17.4.I0.I (4) 

Hose stations 8. 16.5.1.2, 8.1 6.5.1.4, A.8.I6.5.1.4 

Hydraulic calculations 14.4.4.3, 14.4.4.5, A.14.4. 4.3. 2, 

A.14.4.4.3.4 

Hydrostatic tests 16.2.1. 10, I 7.8.1 

Identification 6.3.8 

Installation 8.15, 10.7, A.8. 15 

Joining see]o\n\s 
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Marine systems 17.2.2, .17.2.4, 17.2.5, .1.7.3.3, 17.4.10, 17.7.4.5, 

A.17.2.2,A.I7.2.4.1 ) A.I7.2.5,A.17.4.1.0.:i(4) 

Materials and dimensions 6.3. 1 to 6.3.6, Table 6.3. 1 .1 , 

Table 6.3.6.1, Table A.6.3.2, Table A.6.3.5, A.6.3.6 

Outside sprinklers 7.7.5 

Private fire service main see Private fire service main 

Protection 8.15.3, A.8.1 5. 3. 1.3, A.8.1 5.3.2.1 

Corrosion see Corrosion protection, piping 

Earthquake damage 9.3, A.9. 1.1.3, A.9.3 

Freezing see Freezi ng, protection from 

Hazardous areas, protection of piping in 8. 1 5.3.3 

Mechanical damage '." 8.1 5.3.3. 1 , 8.15.4 

Refrigerated spaces '" 7.8.2. 1 , 7.8.2.3, 7.8.2.7, A.7.8.2 

Size see also Pipe schedule systems 

Fire department connections 8. 1 6. 2.3 

In-rack sprinklers 1 2.3.1.1 1.1 , 1 4.8.1 

Light hazard occupancies 1 4.5.2.2 

Ordinary hazard occupancies 14.5.3.4, 14.5.3.7 

to 14.4.5.3. 10, A.1 4.5.3.9 

Sprinklers below ceilings 8.14.19, A.8. 14.1 9.1 

Sprinklers obstructed by 3.12.5.3. 1(1), 8.5.5.2.2, 8.7.5.2. 1 .3, 

8.8.5.2.1.3, 8.9.5.2.1.3, 8.10.6.2.1.3, 8.10.6.2.1.7, 
8.10.6.2.1.8, 8.10.7.2.1.3, 8.11.5.2.1.3, 8.11.5.2.2 

Steel see Steel 

Sway bracing 9.3.5, A.9.3.5 

System subdivision 8. 14.21, Fig. A.8. 14.21 

Test connections 8.16.4, A.8.1 6.4 

Threaded see Threaded pipe and fittings 

U ndei groti nd see Underground pipe 

Water-cooli ng towers 13.21.2. 10.1 

Welded ~ 6.5.2, Fig. A.6.5.2 (a) , Fig. A.6.5.2 (b) 

Pipe schedule systems 14.5, Al 4.5 

Definition 3.3. 1 7 

Exposure systems 11 .2.3.7, A. 1 1 .2.3.7.1 

In-rack sprinklers 12.3.1.11 .1 

Light hazard occupancies 1 4.5.2, A. 14.5.2.6 

Marine systems 17.5.1.2 

Ordinary hazard occupancies 1 4.5.3, A. 1 4.5.3.9 

Revamping of 8.14.19.3 

Risers, size of 14.5. 1 .4, A. 14.5. 1 .4 

SI a tie d fl o o rs / 1 a rge f 1 o o r o p e n i n gs / m e zza n i n e s / 

large platforms 1 4.5. 1 .5 

Stai r towers 14.5.1.6 

Underground supply pipe 15.1.4 

Water demand requirements 11 .2.2, A. 1 1 .2.2.8 

Pipe support see also Hangers 

Marine systems 1 7.2.5, A. 17.2.5 

Risers supported by hangers 9.2.5 

Sway bracing ". 9.3.5, A.9.3.5 

Pits, valves in '". 8.15.1.1.6, 8.15. 1.4, A.8. 15.1. 1.7, A.8.15.4.2 

Places of worship, fire protection in A. 1 3.33. 1 

Plans and calculations Chap. 14 

Marine systems 1 7.6, A. 17.6.4 

P re d i c ti n g e x pe c te d p e r f o r m a n c c fro m ca 1 cu 1 a ti o n s B . 2 . 1 . 4 

Plastics 

Classification of 5.6.4, Table A.5.6.3. A.5.6.4, Table A.5.6.4. 1 

Containers 13.27.1.3, A. 12.2.3.1.1, C.21 

Pallets 

Idle 12.1.9.2 

Reinforced (definition) 3.3.18 

Resins, protection for 1 3.4. 1.4 

Retail stores, display/storage in 1 2.7.2, A. 1 2.7.2 

Plastics storage 

Discharge criteria 12.1.10.1.1 

Ea r 1 y s u p p r es s i o n fas t-r e s po n s e ( E S F R ) 

sprinklers 12.3.2.5.1.2(2), 12.3.3.3, 12.3.5.3, 

A. J 2.3.3.3, A.l .2.3.5.3 

High-expansion foam systems 12.1.11.3 

Hose stream demand and water supply duration 1 2.1 .10.2.1 

Motor vehicle components 1 2.7. 1, A. 12.7.1 

Pal 1 e ti zed , so lid piled, bin box , o r sh elf s to rage 12.2.1.1, 

12.2.1.3.1, 12.2.3,A.12.2.3 



Pyroxylin plastic see Pyroxylin plastic, storage of 

Rack storage 1 2.3. 1 .2.2, 1 2.3.3.5. 1 .2 (2) , A. 1 2.3T .2.2 

In-rack sprinklers 8. 1 3.3.2, 1 2.3.3.4, 1 2.3.5.4, 

A. 1 2. 3.5.4.1. 3, C. 19 

Up to and including 25 ft. in heigh l 12.3.3, A.l 2.3.3. 1.2, 

C.8, C..19, C.20, C.21, C.22 

Retail stores 1 2.7.2, A. 1 2.7.2 

Sprin kler types used for 12.1.2.3 

Platforms 

Pipe schedules 14.5.1.5 

Spaces under 8.1 4.6 

Plenums, sprinklers in 7.9.2.1, 7.9.2.2, 7.9.5 to 7.9.7, 13.23.1.2 

Plug straps, underground pipe 1 0.8.3.3, 1 0.8.3.4 

Portable racks 

Tire storage Table 12.4.2(a), Table 12.4.2(c), Table 12.4.2(d) 

Post-indicator valves 8. 1 5.1.1 .4. 1 , 8.1 5.1 .1 .5.1 , 8.1 5. 1 .1 .6, 

8. 15.1.3, A.8. 15. 1.3 

Powder-driven studs /fasteners 9.1.3.9, 9.1.4.1, 9.3.7.8, 9.3.7.9, 

A.9. 1. 3.9, A.9. 1.4.1 

Preaction systems 7 . 3 , 1 2 . 1 . 4 . 2 , 1 2 . 1 . 6 , A . 7 . 3, A . 1 2 . 1 A . 2 ; see also 

Combined dry pipe-preaclion systems 
Advanced light water reactor electric 

generating plan ts 1 3.29. 1 .6.2 

Definition \ 3.4.8, A. 3. 4.8 

Double interlock systems 7.3.2.1(3), 11.2.3.2.5, 12.2.2.2.2.1 

Airiest 16.2.2 

Drainage 8.15.2.3, 8.15.2.5.2, A.8.15.2.5.2.1 

Fire department connections 8 16.2.4.2(3) 

Large drop sprinklers used in 8.4.7.1 , 8.4.7.2.1, 12.3.2.2.3.5, 

12.3.3.2.3.5, 12.3.4.2.3.5 

Marine, supervision of 1 7.3.3 

Palletized, solid pile, bin box, or shelf storage 1 2.2.2.2.2. ! , 

12.2.2.2.2.6, 12.2.3.2.2.5 

Piping, protection of 8.1 5.3. 1.1 

Rack storage 12.3.1.8.4, 12.3.3.2.3.5 

Residential sprinklers used in 8.4.5.2 

Test connections 8. 1 6.4.4 

Water-cooling towers 13.2.1.1.1, 13.21.1.7.2, 13.21.2.1.3 

Waterflow detect! ng devices 6.9.2.3 

Preaction valves 7.3.2.2. 1, 7.3.2.2.2, 7.8.2.6.2, 8.1 6. 1 .3. 1 , 

8.16.1.3.2,8.16.2.4,2(3) 

Operational tests 1 6.2.3.3. 1 

Pressure see. Aw pressure; System working pressure 

Pressure gauges 8. 1 5. 1 .2.2, 8. 1 6.3 

Accessibility 8.1 .2, A.8.1 .2 

Deluge systems 7.3. 1 .3 

Drains see Drains 

Dry pipe systems 7.2. 1 

Outside sprinklers 7.7.7 

Preaction systems 7.3.1.3 

Wet pipe systems 7.1.1 

Pressure-reducing valves 8.15.1.2, 8.15.2.4.5, 16.2.4, A.8. 15. 1.2.3 

Pressure relief valves see Rcliel valves 

Pressure tanks 11 .2.3. 1 .8(1 1 ) , 1 5.2.3. A.l 5.2.3.3 

Marine systems 1 7.6. 1 , 1 7.7.2, 1 7.7.4.1 , 1 7.7.4.5, 

1.7.8. 3.1, A. 17.7.2.7 

Private fire service main 8. 1 5.1 .1 .6, 8.1 5.1 .5. 1 , 8. 1 5.1 .5.2, 

8.15.3.3.1,8.15.3.3.2, 10.6.3, 12.2.1.2.2 

Definition 3.8. 1 , Fig. A.3.8. 1 

Hydraulic calculations 11 .2.3. 1 .4 

Rack storage systems 12.3.2.1.7.2, 12.3.3.1.11.2 

Propylene glycol 7.5.2. 1 , 7.5.2.2 

Proscenium curtains /openings 8. 1.4.1 5.2, D.8 

Protection for system components 

Corrosion see Co r r os i o n p ro te c ti on, piping ; Co r ro s i o n - r e s i s ta i it 

sprinklers 

Dry pipe valves 7.2.5, A. 7. 2. 5 

Ea r th q u ake d a m a ge , p i p e p r o te c ti o n fro m — 9 . 3 , A . 9 . 1 . 1 . 3 , A . 9 . 3 

Exposure see Exposure protection systems 

Freezing see Freezing, protection from 

Pipe see Pipes and piping 

Preaction and delusre water control valves 7.3. 1 .8 
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Protection provided by sprinkler system see System protection 

art: a 

Protective coverings, sprinkler 6.2.6.4 

Pumps '..... 8. J 5.1. 1.6, A.8. J.5.L1.6 

Concentrate 1 2.3.2.3.2 

Fire see Fire pumps 

Water supply 11.2.3.1.4, 11.2.3..1.8(H), 15.2.2, A.15.2.2 

Purpose of standard 1.2, A. 1.2 

Pyramid tire storage Table 1 2.4.2 (a) 

.Definition 3.1 1 .8 

Pyroxylin plastic, storage of 1 3.7 

-Q- 

QR see Quick-response (QR) sprinklers 

QREC see Qi i i ( : k- r c s p o n s e e x te n d e d c o ve i age: ( QRE C ) s p r i n k 1 e rs 

QRES see Qi. i i c k- r e s p o n s e e a r I y suppression ( QR F S ) sprinkle rs 

Quick-opening devices 7.2.4, 7.4.2.8, 16.2.3.2.1 

Quick-response early suppression (QRES) sprinklers 

(definition) 3.6.2.7, A.3.6.2.7 

Quick-response extended coverage (QREC) sprinklers 

(definition) 3.6.2.8 

Quick-response (QR) sprinklers 8.4.5.3, 1 L2.3.L8( I 2) , 

1 2.3.5.3.5, A.3.6.1, D.9 

Ceiling pockets 8.6.7. 1 (7), 8.8.7.2(7) 

Cleanrooms 1 3.23.2.2, A. 1 3.23.2.2 

.Definition 3.6.2.9 

Extra-hazard occupancies .1 1.2.3.2.2.2, A. 1 1 .2.3.2.2.2 

Light hazard occupancies 8.3.3. 1 (1), 8.3.3.2, 8.3.3.4 

Permitted uses 8.4.1.2 

Storage use 12.1.13.5 

Water demand requirements 11.2.3.2.3 



-R- 



13.20 



Race track stables 

Racks 

Definition 3. 10.8, A.3.10.8, Figs.A.3. 10.8(a) to (k) 

Double-row 12.3,2.1.2, 12.3.2.4.1.1, 12.3.2.4.2.1, 

12.3.2.4.2.3, 12.3.2.4.2.4, A.I 2.3.2.1.2, A. 12.3.2.4.2.1, 
A. 12.3.2.4.2.3, A 1 2.3.2.4.2.4 

Ce i I i i l g s p ri n k 1 e r w; i te r d e ma n d 12.3.3.1. 5 to 12.3.3.1.8, 

'" 12.3.4.1.1, 12. 3.5. 1.2, A.12. 3.4.1.1, C.23 

Definition 3.10.84 , A.3.10.8(l.), Fig. A.3.10.8(b) to (d) 

Fa r I y sup p i ess i o n la s t-respo n se ( ESFR) s p r i n kl e rs ...12.3.2.3.1, 

12.3.2.5.1.2, 12.3.2.5.1.2(6), 12.3.3.3.1, 12.3.4.3.1, 
12.3.4.3.2, 12.3.5.3.1, 12.3.5.3.2 

Flue space 1 2.3.1 . 1 3, 1 2.3. 1 . 1 4, 1 2.3.2.5.1 .2(6) , 

Fig. A.3. 10.7, C.13 
In-rack sp'ri nkler location 1 2.3.4.4. 1.1, 1 2.3.5.4. 1 .1 , 

12. 3.5.4.1.4, A.12. 3.4.4.1,1 

In-rack sprinkler spacing 1 2.3.4.4.2.2, 12.3.5.4.2.1 

Large drop and specific; application control mode 

sprinklers 12.3.2.2.1, 12.3.3.2.1, 12.3.4.2.1 

Plastics display/storage, retail stores 1 2.7.2. 1 

Solid shelving '. 12.3.1 .9 

Tests C.20, C.22 

Movable 12.3.1.6 

Definition 3. 10.8.2, A.3.10.8(4), Fig. A.3.10.8(k) 

Multiple-row 12.3.2.1.3, 12.3.2.1.4, 12.3.2.4.1.2, 

12.3.2.4.1.3, 12.3.2.4.2.2, 12.3.2.4.2.4, 12.3.2.4.2.5, 
A. 12. 3.2.4.2.2, A. 12. 3.2.4.2.4 

Ce i 1 i n g s p ri n kl e r wate r demand 12.3.3.1.5, 1 2.3.3. 1 . 6, 

' 12.3.3.1.9, 12.3.3.1.10, 12.3.4.1.3 

Definition 3. 1.0.8.3, A.3. 10.8(3), Fig. A.3..10.8(f) 

E a r I y s u p p r e ss ion 1 a s t- re s po n se ( E S F R ) 

sprinklers ... 12.3.2.3.1, 12.3.3.3.1, 1.2.3.4.3. L 12.3.5.3.1 

Flue space 1 2.3.1 .1 3, 1 2.3. 1 .1 4, C.l 3 

In-rack sprinkler location 12.3.4.4.1.3, 12.3.5.4.1.3, 

A.12.3.4.4.1.3, A.12. 3.5.4.1.3 

In-rack sprinkler spacing 12.3.4.4.2.3 

Large drop and specific application control mode: 

sprinklers 12.3.2.2.1, 12.3.3.2.1, 12.3.4.2.1 



Solid shelving 1 2.3.L9 

Portable racks see. also An to motive components 

on portable racks 

Ceiling sprinkler water demand 1 2.3.2, 1 .4 

Definition 3.10.8.4 

Single-row 1 2.3.2. 1 .2, 1 2.3.2.4. 1.1, 1 2.3.2.4.2. 1, 

12.3.2.4.2.3, 12.3.2.4.2.4, A.12. 3.2.1. 2, A.12. 3.2.4,2.1, 
A.I2. 3.2.4.2. 3, A.12. 3. 2.4.2.4 

Ceiling sprinkler water demand 1 2.3.3.1.5 to 12.3.34 .8, 

" 12. 3.4.1. 1, 12.3.54.2, A.12.3.4.1 .1, C.23 

Definition 34 0.8.5 

Early su pp ressi o n fas t-respo n se ( ESFR) 

sprinklers 1 2.3.2.3. 1 , 12.3.2.5. F2, 

12.3.3.3.1, 12.3.4.3.1, 12.3.5.3.1 

Flue space 1 2.3.1.14 

In-rack sprinkler location 12.3.4.4.1 .1, 1 2.3.4.4, 1 .2, 

12.3.5.4.1.2, 12.3.5.4.1.4, A.12. 3.4.4.1.1, A.l 2.3.4.4,1. 2 
La rge d ro p and sp e c i fi c a p p I i ca ti o n con tro 1 mo d e 

sprinklers 12.3.2.2.1, 12.3.3.2.1, 12.3.4.2.1 

Plastics display/storage, retail stores 12.7.2. 1 

Solid shelvi ng ". 12.3.1.9 

Rack storage .....' 12.1.10.2.1, 12.3, A.12. 3, C.8 to C.23 

An to m o t i ve: c oin p o n e n ts o n po r tab 1 e ra c k s see A u to m o ti ve 

components on portable racks 

Definitions 3. 10 

Existing systems, evaluation ana 1 modification of 1 2.3.2.5.3, 

'A.12.3.2.5.3 

High-expansion foam systems 1 2.3. 1 .8, 12.3.2.5.2, 12.3.4.5.1, 

A.I2.3.L8.I, A.l 2.3.2.5.2.2 

Piers, termi nals and wharves 1 3.22. 1 .2.3 

Plastics commodities 1 2.3.3, f 2.3.5, A. 1 2.3.3.1 .2, 

A. 12.3.5.3, C.8, C.19 to C.22 

Retail display/storage 1 2.7.2, A. 1 2.7.2 

Protection criteria-general 12.3.1, A.12.3.1, C. LI, C.12, C.13 

Steel columns, lire protection of .1 2.3. 1.7, CIO 

Storage over 25 ft in height 1 2.3.4, A.l 2.3.4, C.23 

Flue space " 12.3.1.14 

High-expansion foam submergence 1 2.3.4.5. 1 

Plastics storage ". 12.3.5, A.l 2.3.5.3, A.12.3.5.4.L3 

Storage ti p to an d i n c 1 ud i n g 25 ft i n 1 1 e i gl it "1 2 . 3 . 2 , A. 1 2 . 3 . 2 , 

C.8, C.I4toC20 

E x i s ti n g sys terns, e va 1 u a ti o 1 1 a n d i n o d i ( 1 c a t i o n of 12.3.2.5.3, 

'"A. 12.3.2.5.3 

Flue space 1 2.3. 1. 1 3, C. 1 3 

Plastics storage 1 2.3.3, A.l 2.3.3.1 .2, C.8, C.19 to C.22 

lest data and procedures for Annex C 

Tires 12.4.2, Tables 12.4.2(a) to (d), 12.4.3 

Rack storage sprinklers 8.5.5.3.3, 8.6.5.3.5, 8.8.5.3.4, 

8. 12.5.3.4, 8.1 3.3.1 , A.8..1 3.3. 1; see also In-rack sprinklers 

Definition 3.6.4.3 

Discharge criteria Table .1.2. 1 . 10 

Hose connections 8. 1 6.5.1 .3 (5) 

Temperature rating 8.3.2.7, A.8.3.2.7 

Recessed sprinklers (definition) 3.6.3.4 

Reconditioned system components and hardware 6. 1 .2 

Records, pipe welding 6.5.2.1 4 

Reducers 6.4.6 

References Chap. 2, Annex £ 

Refrigerated spaces 7.8, 8 J 5.2.3.4, A.7.8 

Reinforced plastic pallet (definition) 3.3. 1 8, A.3.3.18 

Relief valves 7.1.2, 7.2.6,4 

Marine systems 1 7.3. 1 , A. 1 7.3. 1 

Pressure tanks (marine systems) 1 7.7.2.3 

Remote area of application 12. 2. 2. 1.2, B.2.1.3 

Residential sprinklers 6.2-3.4, 6.2.4.1, 8.4.5, 8.10, II .2.3.5, 

A.8.4.5.I,A.8.10,A.1L2.3.5.1, A. 11. 2.3.5. 2, D.9 

Definition 3.6.2.1 

Light hazard occupancies 8.3.3.1(2), 8.3.3.4 

Marine systems 1 7.4.2, A. 1 7.4.2 

Obstructions to discharge 8. 1 0.5 to 8. 1 0.7, 

A.8. 10.6.2.1, A.8.10.6.3 
Residual pressure requirement II .2.2.8, A. 1 1 2. 2. 8 
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Response Time Index (RTI) 3.6. 1 (A), A.3.6.1 

Restraint straps for tees, underground 10.8.3.2, 10.8.3.4 

Retail stores, plastics storage /display in 12.7.2, A. 12.7.2 

Retroactivity of standard 1.4 

Return bends 8.14. 1 8, 17.4.8 

Ridge pole sprinklers 7.7.8. 1. 

Risers 

Building service chutes 11.2.3.4.1 

Combined sprinkler and stand pipe, 

control valves for 8. 1 6.5.2.2 (3) 

Delhi i Lion 3.5.5 

Drain 8. 15.2.4.7 

Earth q uake da m age , p ro tec Li o n fro in 9 . 3 . 2 . 3 ( .1 ) , 9 . 3 . 2 . 3 ( 7 ) , 

9.3.5.5, A.9.2. 3.2, A.9.3.5.5.1 

Hose connections 8.J 6.5. J .3(3), 8.16.5.2.1,8.16.5.2.2(3) 

Outside refrigerated spaces 7.8.2.5, 7.8.2.6 

Protection of ..8.1 5.3. 1 .3, 8. 1 5.4, 1 .0.6.5, A.8. 15.3.1.3 

Qu i c k-o pe n i n g d evi c e c<: > n n ec ti o n s 7.2.4.4,7.2.4.5 

Size .' 14.5. 1.4, A. 1 4.5. 1.4 

Support of 9.2.5 

Sway bracing 9.3.5.5, A.9. 3.5.5. 1 

System '. 7.8.2.6, 8.2 

De fi n i tie n 3.5.8 

Drain connections 8.1 5.2.4.2 

Fire department connections 8.1 6.5.2. 1 

System subdivision 8. 1 4.21, Fig. A.8. 14.21 

Rivers, water supply connections from 15.2.5 

Rods 9. 1.2, 9.3.5.3.7 

Coach screw 9.1 .5.7 

Eye 9.1.2.4 

Threaded sections of 9.1 .2.5 

Underground 10.8.3.1.2, 10.8.3.3.3, 10.8.3.4, 

10.8.3.5, A. 10.8.3.5 

Roll paper storage 1 2.6, A. 1 2.6 

Commodity classifications 5.6.5, A.5.6.5 

Discharge criteria 1 2. 1 . .10. 1 . 1 

Height (definition) 3.13.7, A.3.13.7 

Horizontal 1 2.6.1 .5 

Definition 3.1 3.6.1 

FI o se s tr e a m d e in an d a n d wa te r suppl y d u r a t. i o n 12.1.10.2.2 

K-factor of sprinklers 12.1 .13.2 to 12.1. 1 3.4 

Protection criteria 1 2.6.2, A. 12.6.2 

Temperature rating of sprinklers 8.3.2.7, A.8.3.2.7 

Vertical (definition) 3. 13.6.2 

Wrapped 12.6.1.6, 12.6.1.7 

Definition 3.13.6.3, A.3. 13.6.3 

Roof 

Exterior 8.1 4.7, A.8.1 4.7 

Heigh t (defin ition ) 3.9. 1 6 

Peak, sprinklers at or near 8.6.4. 1.3, 8.8.4. 1.3, 

A.8.6.4.1.3,A.8.8.4.1.3 

Uninsulated, sprinklers under 8.3.2.5(5) 

Vents 12.1.1 

Room design method 11.2.3.3, 14.4.4.1 .2, A.ll .2.3.3.1 

Rooms, small (definition) 3.3.20 

Rubber 

Classification of 5.6.4, Table A.5.6.3, A.5.6.4 

Palletized, solid pile, bin box, or shelf storage 12.2.3.1, 

12.2.3.2, A. 12.2.3.1 
Tires weT\ res, rubber 

-S- 

Scope of standard 1 . 1 , A. 1 . ] 

Screws 9.1.5.1,9.1.5.3,9.2.5.2 

Sectional valves 8.15.1 .5, 8.15.2.4.3 

Seismic damage, pipe protection from 9.1.1.3, 9.3, A.9.3 

Seismic separation assembly 9.3.3, A.9.3.3 

Semi-mill construction (definition) A. 3. 7. 1 (5) 

Shafts, vertical see Vertical shafts 

Shall (definition) 3.2.4 



Shelf storage 12.2. A.12.2. 14.4.4.9; .v^rt/w Slatted shelves; Solid 

shelving 

Definition ". 3.9. 17 

Discharge criteria Table 1 2. 1.10 

Hose steam demand and water supply duration 1 2.1 .1 0.2.1 

Piers, terminals and wharves 13.22. 1 .2.3 

Plastic and rubber commodities 1.2.2.3, A. 1 2.2.3 

Rack storage 1 2.3.2.5. 1 , A. 1 2.3.2.5. 1 . 1 

Special design for 12.2.2.4, 12.2.3.4, A 1 2.2.2.4.2 

S p r i n kl e r syste m design a p p r oac h , s h e 1 ve s a b o ve 1 2 f t 12.2, 

A.12.2, C,8 L 
Shields 

Electrical equipment protection 8. 14.10.2 

Expansion 9.1.3 

Sprinkler 6.2.8, 8. 1 3.3.2, A. 6.2.8 

Shop air supply 7.2.6.5 

Shop-welded 

Definition 3.3. 1 9 

Piping 6.5.2.2, A.6.5.2.2 

Should (definition) 3.2.5 

Show windows, sprinklers under 8.3.2.5(6) 

Sidewall spray sprinklers 8.7, A.8.7.5.2. 1 , A. 8. 7. 5. 3 

Clearance to storage 8.7.6 

Deli n i Lion 3.6.3.5 

Deflector position 8.7.4, 8.9.4, 8. 1 0.4.2 

Elevator hoistways 8. 1 4.5. 1 , A. 8. 1 4.5. 1 

Extended coverage 8.9, A.8.9 

Light hazard occupancies 8.4.2, 1 1 .2.3.2.2.3 

Obstructions to discharge 8.7.5, 8.9.5. 8. 1 0.7, A.8.7.5.2. 1 , 

A.8.7.5.3, A8 t .9.5.2. 1 , A.8.9.5.3, A.8. 1 0.7.2. 1 , A.8. 1 0.7.3 

Ordinary hazard occupancies 11 .2.3.2.2.3 

Plastic pallets, protection of 12.1.9.2.2(1) (e) 

Protection areas 8.7.2, 8.9.2, A.8.9.2. 1 

Spacing 8.7.3, 8.9.3 

Steel columns, lire protection of 1 2.3. 1 .7 ( I ) 

Sidewall sprinklers 

Combined dry pi pe-p reaction systems 7.4. 1 A 

Dry pipe systems 7.2.2, A. 7.2.2 (2) 

Hanger assembly for 9.2.3.6 

Outside sprinklers 7.7.8. 1 

P reaction systems 7.3.2.4, A. 7. 3. 2.4 (2) 

Ti re storage 1 2.4. 1 . 1 . 1 

Signs, caution See also 'I den ti 11 cation 

Sprinklers 7.6.1.5 

Wives 7.6. 1 .5 

SI units 1 .7. 1 

Skylights 8.5.7 

Slatted floors 

Pipe schedules 1 4.5. 1 .5 

Sprinklers under A. 12.3.2.5. 1.1 

Slatted shelves 12.3.2.5.1, 12.3.3.5. 1, A. 12.3.2.5. 1.1, 

A.12. 3. 3.5.1.1,0.20 

Plastics di splay /storage, retail stores 1 2.7.2. 1 

Slave pallets (definition) 3.10.9 

Sloped ceiling see Ceil ings 

Small orifice sprinklers 7.7.8.2, 8.3.4 

Small rooms (definition) 3.3.20 

Smooth ceilings see Ceil i ngs 

Soffits 8.7.4. 1 .3, 8.9.4. 1.3 

Soldered joints 6.5.4, A. 6.5.4 

Solid piled storage 12.2,1 4.4.4.9, A. 1 2.2 

H o se s team d e m a n d a . n d wa te r s u p pi y d u r a t . i o n 12.1.10.2.1 

Plastic and rubber commodities 1 2.2.3, A. 1 2.2.3 

Special design for 12.2.2.4, 12.2.3.4, A. 12.2.2.4.2 

Sprinkler system design approach 1 2.2, A. .1 2.2, C.8 

Solid shelving \ 12.3. 1 .9, A. 1 2.3.2.1 .2 

Definition 3.1 0. 1 0, A.3. 1 0.8(5) 

Early suppression fast response (ESFR) 

sprinklers 1 2.3.2.3. 1 . 1 ( 1 ) , 1 2.3.3.3. 1.1(1), 

12. 3.4,3.1. 1(1), 12.3.5.3.1.1(1) 

Plasti cs d i sp la y/sto rage , re ta i 1 s to res 12.7.2.1, 12.7.2.4(5), 

12.7.2.5(4)", 12.7.2.5(5), 12.7.2.6 
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Solid unit load of nonexpanded plastic (definition) 3.9.18 

Solvent extraction plants, protection of J 3.5, A. 1 3.5. 1 

Spaces see Concealed spaces 

Spare detection devices, stock of 1 7.3.2 

Spare sprinklers, stock of 6.2.9,1 7.2.3, A.6.2.9. 1 

Special occupancy hazards 8.4.4. 1 , 11 .2.1 .3(4), Chap. 13, A. 5. 5 

Special situations 8.14, A.8.14 

Concealed spaces 8.14.1, A.8..14..1 .2, A.8.14. 1 .6 

Drop-out ceilings 8. .1 .4.1 3, A.8. .1 .4.13.4, A.8.14.13.5 

Dry pipe underground 8. 14.20 

Dwelling units !" 8.14.8, A.8.14.8.2 

Electrical equipment 8.14.10 

E I e va tor h o i s twa y s and machine rooms 8.14.5, A. 8. 14.5 

Exterior roofs/canopies 8. 1 4.7, A.8.1 4.7 

El ush i ng systems, provision for 8. 14. 16 

G ro unci 11 o o rs / e x te r i o r d o c k s / p 1 a tf o mis, spaces under 8.14.6 

I ndustrial ovens and fu maces A. 8. 14. 1 1 

Library stack rooms 8. 14.9 

Old-style sprinklers 8.14..!2(l)(a), 8.14.14, A.8.14.14.2 

Open-grid ceilings 8. 1.4.12, A.8.1 4.12 

Piping to sprinklers below ceilings 8.14.19, A.8.14.19.1 

Return bends ' 8.14.18 

Spaces above n oust o rage areas 8. 1 4.22 

Stages l . 8.14.15 

Stair towers 8.14. 1 7 

Stairways 8.14,3, 8. 14.4, A.8. 14.2.2, A.8.14.4 

System subdivision 8.14.21 , A.8. 1.4.21 

Vertical shafts 8. 14.2, 8. .14.4, A.8. 14.2.2, A.8.14.4 

Special sprinklers 6.2.4.2, 8.4.9, 8.5.6.3, A.8.4.9. 1 

Deb n i t ion 3.6.2. 1 1 

Specific application control mode sprinkler (storage use) ... 12. 1.2. 3 

.Definition 3.6.2.1 2 

Palletized, solid pile, bin box, or shelf storage 12.2.2.2, 

12.2.3.2 

Rack storage 1 2.3.2.2, 12.3.3.2, 12.3.4.2 

Roll paper storage 12.6.2.2 

Wood pallets, protection of 12.1.9.1 .2, 

Table 12.1.9.1.2(b), A.12. 1.9.1.2 

Spray application areas, protection of 6. 2. 6. 4, 13.4, 

A.13.4. 1.1, A. 13.4.2.1 

Spray nozzles, cooking equipment protection 7.9, Fig. A. 7.9.2 

Spray sprinklers .... 1 1.2.3.2.4(1 .), 12.3.2.5.1.2(1 ), 12.3.3.5.1.2(1); see 
also Sidewall spray sprinklers; Standard spray sprinklers 

Definition . . 3.6.2.13 

Plastics, protection of 12.2.3.1.3, 12.2.3.1.4 

Rubber tire storage 1 2.4.2, A.12.4.2 

Wood pallets, protection of 12.1.9.1.2, Table 12.1.9.1.2(a), 

A. 12. 1. 9. 1.2 

Sprig-up 9.2.3.5.1 

Deli n i t ion 3.5.6 

Restraint of 9.3.6.5, A.9.3.6.5 

Sprinkler alarms 8. .1 6. 1 , A. 8. 1 6. 1 , C.4; see also Waterflow 

alarms/detection devices 

Sprinklers see also Dry sprinklers; Early suppression fast-response 

(ESFR) sprinklers; In-rack sprinklers; Large drop 
sprinklers; Old-style/conventional sprinklers; Outside 
sprinklers; Pendent; sprinklers; Residential sprinklers; 
Sidewall spray sprinklers; Temperature ratings of 
sprinklers; Upright sprinklers; Specific application 
co n tro 1 m od e sp ri n k I e r ( sto rage u se ) 

Application of types 8.4, A. 8. 4 

Clearance to storage see Clearance 

Corrosion-resistant see Corrosion-resistant sprinklers 

Delhi itions 3.6 

Discharging capacities 6.2.3, A. 6. 2. 3.1 

Hydraulic calculations 14.4.4.4, A.J 4.4.4.4 

Identification 6.2.2, 6.2.3, A.6.2.2, A.6.2.3. 1 

Pi mi tat ions 6.2.4 

Location 8. 1.1 , 8.5 to 8.12, A.8.1. 1 , A.8.5 to A.8.12 

New sprinkler requirement 6.2.1 

Open 8.4.4 

Outside 7.7, A.7.7.2. 1 



Painting 6.2.6.2, 6.2.6.4.4, A.6.2.6.2 

Piping to, below ceilings 8.14.19, A.8.14.19.1 

Positioning '". . . 8.1.1, 8.5 to 8.12, A.8.1.1, A.8.5 to A.8.12 

Protection area per sprinkler 8.5.2, 8.6.2, 8.7.2, 8.8.2, 

8.9.2, 8.1.0.2, 8.11.2, 8.12.2, A.8.6.2. 2. 1, A.8.8.2.1, 
A.8.9.2.L A.8.1 1.2, A.8.12. 2. 2.3 

Reconditioned 6.1.2.2 

Spacing 8.1.1, 8.5.3, 8.6.3, 8.7.3, 8.8.3, 8.9.3, 8.10.3, 

8.1 1.3, 8.1.2.3, A.8.1 .1, A.8.6.3. 2.1 , A.8.6.3.2.4, A.8. 11.3.1 , 
Fig. A.8.1 2.2.2. 3 

Spare, stock of 6.2.9, 17.2.3, A.6.2.9. 1 

Temperature ratings 8.3.2, A.8.3.2.1 , A.8. 3.2-7 

Thermal sensitivity see Thermal sensitivity 

Use of 8.3, 8.5, A.8.3, A.8.5 

Sprinkler systems see also Antifreeze systems; Combined dry 

pipe-p reaction systems; Deluge systems; Dry pipe 
sys te m s ; Hyd ran lically design ed sys te ms; Pi pe sc h ed u le 
systems; Preaction systems; System protection area; Wet 
pipe systems 

Acceptance Chap. 1 6 

Components and hardware Chap. 6, 1 7.2, A. 17.2 

Protection for see Protection for system components 

Reconditioned components 6. L2 

Definition 3.3.21 , A.3.321 

Design see Design , sprin kler system 

Future upgrading of performance B.2.1 .5 

Installation Chap. 8 

Limited area 4.2 

Maintenance .1 7.9, Chap. 18 

Marine systems see Mari ne systems 

Nonfire protection connections to 7.6, A.7.6.1 .2 

Working plans 1 4.1.5, A. 1 4.1.5 

Partial systems 11.2.3.1 .8(8) (c), 17.1.5, A.17.1.5, D. 10 

Performance criteria B.2 

Protection, level of 4. 1 

Requirements Chap. 7 

Size of 7.2.3,7.3.2.2, 8.1 3.1, A.7.2.3 

Subdivision 8.14.21, Fig. A.8.1 4.2.1. 

Valves see Valves 

Working pressure 6. 1 .3 

Stable piles (definition) 3.9. 14, A.3.9..14 

Stages (theatrical) 8.14.15, D.6, D.8 

Stairways 8.14.3, 8. .1 4.4, A.8.1 4.3.3, A.8.14.4 

Marine systems 17.4.5.2 

Stair towers 8.1 4.17, 1 4.5.1.6 

Type 1 (definition) 3. 1 4(12) , 17.1.3(1 2) 

Standard (definition) 3.2.6 

Standard mill construction (definition) A. 3. 7. 2 (4) 

Standard spray sprinklers 12.1.1 3.3, .1 2.2. 1 . 1 

Definition 3.6.2.14 

Standby emergency generators 12.3.2.3.2, 1 3.29. 1 .7 

Standpipe systems 8. .16.5.2.2(3), A.8. 16.5.2 

Steel 

Building, large drop sprinkler protection 1 2.2.2.2.2-8, 

112.3.2.2.7, 12.3.2.2.3.7, 12.3.2.2.3.8, 12.3.4.2.3.7 

Columns 12.3.1.7, 12.4.1.1, CIO 

Fittings 6.5.1.2, A.6.5. 1 .2 

Hanger fasteners in 9.1.4, A.9. 1 .4.1 

Pipe" 6.3.2 to 6.3.4, 8. 1 5.3.2.2, 9.2.3.5.2.1 , 9.2.4.2 to 9.2.4.4, 

Table A.6.3.2 

Galvanized 8.4.7,2, A.8.4.7.2 

Underground Table 10.1.1, 10.1.2, 10.1.3, 10.1.6.2 

Retail shelving racks, plastics display/storage 12.7.2.3 

Storage .' 8.2. 1 (4) , 8.2.3, Chap. 12 

Baled cotton see Baled cotton 

Bin box see Bi n box storage 

Building heigh t 12.1.2 

Cellulose nitrate motion picture film J 3.6, A. 13.6.2.3.3 

Clearance to see Clearance 

Definitions 3.9, 3.10 

Draft curtains, use of 12.1.1 

High-piled see High-piled storage 
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Hose connections 8.16.5.1.1, A.8.16.5.1 .1 

Idle pallets see Pallets 

Miscellaneous see Miscellaneous storage 

Palletized see Palletized storage 

Plastics see Plastics storage 

Rack see Rack storage 

Roll paper see Roll paper storage 

Roof ven Ls, use of 12.1.1 

Shelf see Shelf storage 

Solid pile see Solid piled storage 

Special designs 12.7, A.12.7.1, A.12.7".2 

Sprinkler types used for 12.1.13, A.12.1 .13 

Temperature rating of sprinklers 8.3.2.7, A.8.3.2.7 

Tires see Tires 

Storage aids (definition) 3.9. 1 9 

Strainers 7.7.6, 7.9.10,8.3.4.1(3), 8.16.1.5.1,8.16.1.5.2 

Summary sheet, hydraulic calculations 14.3.2, A. 14.3.2 

Supervision 

Alarm service 8.16.1.7, 11.2.2.7, A.8.16.1. 7, D.5 

Definition 3.14(10), 17.1.3(10) 

Deluge systems 7.3.3.1 

Marine system piping 1 7.3.3 

Preaction systems . .'". 7.3.2.3, 1 7.3.3, A. 7. 3.2.3 

Supervisory devices 8.15.1.1.2, A.8.15.1.1.2 

Definition 3.5.7 

Supervisory signals D.5. 1 , D.5.2 

Survival angle (definition) 3.14(11 ), 17. 1.3(1 1) 

Sway bracing 9.3.5, A.9.3.5 

System protection area see also Density-area method 

Geometry of area of application B.2. 1 .3 

Level of protection 4. 1 

Limitations 8.2 

Maximum protection area of coverage 8.5.2.2, 8.6.2.2, 8.7.2.2, 

8.8.2.2, 8.9.2.2, 8.11.2.2, 8T2.2.2, A.8.6.2.2.1, Fig. 
A.12.2.2.3 

Protection area per sprinkler 8.5.2, 8.6.2, 8.7.2, 8.8.2, 

8.9.2, 8.10.2, 8.11.2, 8.12.2, A.8.6.2.2.1, A.8.8.2.1, 
A.8.9.2.J, A.8..U.2, Fig. A.8.12.2.2.3 

Selection of area of application B.2. 1.2 

System risers see Risers 

System working pressure 6 1.3 

Definition 3.3.22 

Underground pipe 10.1.5, 10.2.3 

-T- 

Tanks see Gravity tanks; Pressure tanks 

Technology, new 1.6 

Temperature characteristics 6.2.5, A. 6. 2. 5 

Temperature ratings of sprinklers 8.3.2, A.8.3.2. 1 , A.8.3.2.7; 

see also High temperature-rated sprinklers; Intermediate 
temperature-rated sprinklers; Ordinary 
te m p e r a tu re-ra te d sp r i n kl e rs 

Ceiling sprinklers, rack storage 12.3.1.4, 12.3.1.5 

Early suppression fast-response (FSFR) sprinklers 8.4.6.5 

In-rack sprinklers 8.13.2.2 

Large drop sprinklers 8.4.7.3 

Marine systems 17.4.1 

Special sprinklers 8.4.9.2 (2) 

Terminals 

Airport 13.25, A.1 3.25.1 .2 

Marine 13.22, A.1 3.22. 1.1 

Test blanks 16.2.1.15 

Test connections 7.4.6, 7.9.11, 8.16.4, A.8.16.4 

Deluge systems 8.16.4.5 

Dry pipe systems 8. 16.4.3, A.8. 1 6.4.3 

Main drain 8.1 5.2.4.6, 8.1 6.4. 1 , A.8.1 6.4.1 

Marine systems 17.4.13 

Preaction systems 8.16.4.4 

Wet pipe systems 8. 16.4.2, A.8. 1 6.4.2 

Testing Chap. 1 8 

Apparatus/devices for 7.3.1 .7 



Combined dry pipe-preaction systems 7.4.6 

Deluge systems 7.3.1 .7 

Dry pipe and double-interlocked system air 1 6.2.2 

Hydrostatic 16.2.1, 17.8.1, A.16.2. 1.12, A. 16.2.1 .15 

Main drain valve 1 6.2.3.4 

Marine systems 17.8, 1 7.9 

Preaction systems 7.3.1.7 

Special sprinklers A.8.4.9. 1 

System operational 16.2.3, 17.8.3, A.1 6.2.3.2 

Water disposal after 16.2.1.14 

Test valves 6.7.3, 1 7.2.6.2, 17.7.3. 1 1 

Thermal barriers 

Definition 3.3.23 

Insulation as A.8.5.4. 1 

Marine A.1 7.2.2 

Definition 3. 14(9) , 17. 1 .3 (9) 

Thermal sensitivity 8.3.3, 8.4.9.1 (4), A.8.3.3.1; 

see also Temperature ratings of sprinklers 

Definition \ 3.6. 1 (a) , A.3.6. 1 

Threaded pipe and fittings 6.5.1, 10.3.1, 10.8.1.2, A.6.5. 1.2 

Thrust blocks 1 0.8.2, A.1 0.8.2 

Time limitation, combined dry pipe-preaction systems 7.4.5 

Tires, rubber 

Banded (defi nition) 3.11.1 

Definition 3.11.10 

Fuel A.I 3.31. 1(20) 

K-factor of sprinklers, storage use 1 2. 1 . 1 3.2 to 1 2. 1 . 1 3.4 

Storage .' 1 2.4, A. 1 2.4. 2 

Ceiling systems 1 2.4.2, A. 12.4.2 

Definitions 3.1 1 

Discharge criteria 12.1.10.1.1 

Hose stream demand and wa te r s u p pi y d u r a lion ... 12. 1 .10.2.2 

In-rack systems '. 12.4.1.2, 12.4.1.3, 12.4.3 

Miscellaneous see Miscellaneous storage 

Rack illustrations 3. 1 1.9, A.3.1 1.9 

Sprinklers, clearance for 8.5.6.5 

Temperature rating of sprinklers 8.3.2.7, A.8.3.2.7 

Tissue paper 5.6.5.4, 12.6.1.4, 12.6.1.7, 12.6.1.8, 12.6.2.1.2, 

A.5.6.5, Table A.5.6.5 
Towers 

Stair 8.14.17, 14.5.1.6 

Water-cooling See Water-cool i ng towers 

Transit systems, fixed guideway 13.19 

Transverse flue spaces 12.3.1.13, 12.3.1.14.2, 12.3.4.4.1.2, 

A.12. 3.4.4.1.2, C.I3 

Definition 3. 10. 1 1 

Early suppression fast-response (ESFR) 

sprinklers 1 2.3.2.5. 1 .2(5) , 1 2.3.3.5. 1 .2(5) , 

12.3.4.3.5, 12.3.5.3.5 

Plastics display /storage, retail stores 1 2.7.2. 1 ( 11 ) 

Trapeze hangers 1 9.1.1 .6, 9.2.1 .3.2, 9.2.4.5, A.9. 1 .1 .6 

Tripping devices, combined systems 7.4.2.3, 7.4.2.4 

Tube see Pi pes and pipi ng 

Turbine-generators ... 13.29.1.5 to 13.29.1.7, A.13.29. 1.5, A.13.29. 1.6 

Turbines, combustion 1 3.29. 1 . 7 

Type 1 stair (definition) 3.14(12), 17.1.3(12) 

-U- 

U-hooks 9.1.2.3,9.1.5.2, 9.3.5.3.8,9.3.6.1(2), 17.2.5.4, A. 17.2.5.4 

Underground pipe .... 8.15.2.6.3, Chap. 10, 15.1.4, 15.1.6, A.15. 1.6.2 

Backf il ling 1 0. 9 

Buried fittings 1 0.2.5, A.1 0.2.5 

Care in laying 10.7 

Contractor's material and test certificate 10.1 0.1 (3) , 

Fig. 10.10.1 

Cover, depth of 1 0.4, A.1 0.4.1 

Dry pipe 8.14.20 

Fire department connections 8. 1 6.2.4.4, 1 0.1 .3 

Fittings see Fittings 

join ts see join t:s 

Leakage "10. 1 0. 2.2.4, A. 1 0.1 6.2.2.4 
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Lining of 10. 1.6, A. 1 0. 1.6 

Listed 10. J . 1, A.10.1.1 

.P h ys i c a 1 clam a ge , p ro te c t i o n against .1.0.5, 1 . . 6 , A J . . 6 . 7 

Steel '." [' Table 1 0. 1 . 1 ., 10.1.2, 10.1.3 

Testing and acceptance 1 0.10, A.10. J 0.2 

Type and class 10. 1 .4, A. 10.1.4 

Worki ng pressure 10.1.5, 10.2.3 

Unions 6.4.5, A.6.4.5 

Unit loads (definition) 3.9.20 

Units of measurement 1.7.1 

Unobstructed construction (definition) 3.7.2, A, 3. 7.2 

Unstable piles (definition) 3.9. 15, A. 3.9. 1 .5 

Upright sprinklers 8.6, A.8.6 

Ceiling pockets 8.6.7, 8.8.7 

Clearance to storage 8.6,6, 8,8.6, A.8.6. 6 

Concealed spaces, in 8.6.4. 1.4 

Definition 3.6.3.6 

Deflector position 8.6.4, 8.8.4, 8.10.4, 1, 8.12.4,1 .3, 8.12.4. 1.4, 

A8.6.4,A.8.8.4.1,3 

Elevator hoistways 8. 1 4.5.4, A.8. 1 4.5 .4 

Extended coverage 8.8, A.8.8 

Mangers, cl ea ranee to 9,2.3.3 

Installation 7.2.2, 7.3.2.4, 7,4. 1.4, 8.3. 1.3, A.7.2.2 (2) , 

A.7.3.2.4(2),A.8.3..1.3 

K-( actor of sprinklers, storage use 12.1.13.2 to 12.1.13.4 

Obstructions to discharge " 8.6.4.1.2, 8.6.4.1.5, 8.6.5, 8.8.5, 

8. 1 0.6, 8. 1 2.5i3.2 a A.8.6.44 .2(5), A.8.6.5, A.8.8.5.2..L 
A.8.8.5.3, A.8.10.6.2. 1 , A.8.10.6.3 

Permit ted uses 8.4.1 

Plastic pallets, protection of 1 24. 9. 2. 2 ( l)(c) 

Protection areas 8.6.2, 8.8.2, A.8.6.2.2.1, A.8.8.2.1 

Spacing 8.6.3, 8.8.3, A.8.6.3.2. 1 , A.8.6.3.2.4 

Utility gas plants, LP-Gas at 13. J 2 

-V- 

Valve rooms 7.2.5.2. 1 , 7.3. J .8.2 

Valves 6.7, 8.L5.1, A.6.7.4, A.8.15.1; see also Check valves; Control 

v; i 1 ves ; D ra i n va I ve s ; Dry pi pe val ves; 1 n d icaii n g valves ; 
P re a.c t i on va I ve s ; P re ss u re-re d u c i n g va 1 ves 

Accessibility 8. 1 .2, 8.15.1,1.7, A.8. 1.2, A.8.15.1. 1.7 

Ai r ex haust; see Exhausters 

Alarm 8.16.1.2, 8.16.1.3,8.16.2.4.2(1) 

Ami freeze systems 7.5.3, A.7.5.3.1, A.7.5.3.2 

Backflow prevention 8. 1 6.4.6. L A.8. 1 6.4.6.1 

Closure time 6.7.1.2 

Combined systems 7.4.2 

Deluge .....' 8.16. 1 .3.1, 16.2-3.3.1 

Differential-type 1 6.2.1 .1 6 

Equivalent pipe lengths 14.4.3 

Fire department connections 8.16.2.5 

Gate 6.7.1.3.1 

Hose 11.2.3.1.8(8) 

Identification 6.7.4, 7.64 .5, 8.15.1.1 .8, 8.15.1.4.3, 

1 7.2.6.3, A.6.7.4 

Isolation 10.6.2 

Listed indicating valves 6.7. 1.3 

Low-pressure bloworf 8.3.2.5(3) 

Marine systems 17.2.6, 17.7.4.2, 17.8.3.1 , A. 17.2.6.1 

Outside sprinklers 7.7.2.2, 7.7.3.1, 7.7.4.1, 7.7.4.2 

)n pits 8.15.1.1.6, 8.15.1.4, A.8. 15. 1.1.7, A.8.I5.4.2 

Pi essu re req ui remen ts 6.7.1 . 1 

Reconditioned 6. 1 .2. 1 

Sectional 8.15.1 .5, 8. 1 5.2.4.3 

Supervision 8.1 5.1.1.2, A.8.15.1.] .2 

1 est 6.7.3, 1 7.2.6.2, 17.7.3.1 1 

Underground piping 10.7.1, 10.7.3, 10.7.5, 10.7.11 

Wafer-type !" 6.7.2 

Vaults 

Film storage 1 3.6.2.3, 1 3.6.2.4, A.13.6.2.3.3 

Pyroxylin plastic storage 13.74 .1(1), 13.7.2.4 

Velocity pressure formula 1 4.4.2.2, A. 1 4.4.2.2 



Ventilation, cooking areas 7.9, 8.3.2.5(7) , Fig. A. 7. 9. 2 

Vents, roof '..12.1.1 

Vertical obstructions to sprinklers 8.6.5.2.2, 8.7.5.2.2, 8.8.5.2 2, 

8.9.5.2.2, 8.1.0.6.2.2, 8.10.7.2.2, A.8.6.5. 2.2 

Vertical shafts 8.14.2, 8.14.4, LI .2.3. 1 .8(4) (e), 

A.8.14.2.2,A.8.14.4 

Building service chutes 1 4.2.3.4.1 

Gravity chutes 13. 1 5.2. 1 .1 

Incinerator chutes 13. 15.2. 1, 13.15.2.1.1, 13. 15.2.2 

Marine systems 1 7.4.5 

-W- 

Walkways, sprinklers under 1 2.2.2.4. 1 

Walls 

Deflector distance from 8.7.4. 1.2 

Distance from sprinklers 8.5.3.2, 8.5.3.3, 8.6.3.2, 8.6.3.3, 

8.7.3.2, 8.7.3.3, 8.8.3.2, 8.8.3.3, 8.9.3.2, 8.9.3.3, 8.9.4.1.2, 
8.10.3.2, 8.1.1.3.2, 8.11.3.3, 8.12.3.2, 8. 1 2.3.3, A.8.6.3.2. 1, 
A.8.6.3.2.4 

Pipe openings through, clearance for 9.3.4, A. 9. 3. 4 

Washers, underground joints 10.8.3.1.4, 10.8.3.4, 10.8.3.5, 

A.IO.8.3.5 

Water additives .1.6.2. 1 .9 

Antifreeze solutions 7.5. 1 , 7.5.2, A.7.5.2 

Circulati ng closed4oop systems 7.6.1.6 

Water-cooling towers 1 3.21 , A.I 3.21 

Counterflow 13.2.1. LI, 13.21.1.2. L 13.21.24 

Crossllow 13.21.1.2, I3.2LL2.2, 13.21.1.2.3, I3.2I.2.2 

Exposure protection 1 3.21.1 .6 

Fan decks 13.21.1.2.1, 13.21.1.2.2, 13. 21. 1.3, 13. 21.1.4, 

13.21.2.1.1, 13.21.2.2.1, 13.21.2.3, 13.21.2.4, 13.21.2.8.3, 
A. 13.21.2.3 

Minimum rate of application 13.21. .1 .2 

Types of systems . .' 13.21.1. 1, A. 13.21. 1.1.1, A. 1 3.21.1 .1 .2 

Water supply 13.2 1.1.7 

Water curtains' 1 1.2.3. 1.8(5), 1 1.2.3.8 

Water demand requirements 11.1.1, 12.1.10.2.1; see also Water 

supplies 

Area/density method 1 1 .2.3.2, A. J 1.2.3.2 

Ceiling sprinklers, rack storage 1 2.3.2. 1. 1 to 1 2.3.2. 1 .4, 

12.3.2. 1.7, 12.3.4.1', 12.3.544, A42.3.2.L1.1, 

A. J 2.3.2.1.2, A. 12.3.2. 1.7, A. 12. 3.4.1.1, C.8, C.14, C.I 5, 

C23 

Dry pipe systems 1 1.2.3.2.5, 1 1 .2.3.9 

Hydraulic calculation methods 1 1 .2.3, A. 1 1.2.3 

In-rack sprinklers 11.2.3.1.8(5), 12.1.12.2, 12.3.2.4.3, 

12.3.3.4.3, 12.3.4.4.3, 12.3.5.4.3, 12.4.3.3, 14.8, CIS 

Occupancy classifications 1 1.2.1 . 1 

Palletized, solid pile, bin box, or shelf storage 1 2.2.1.2. 

12.2.2.2.2.5,A.J2.2.L2, C.8 

Plastic and rubber commodities 1 2.2. 3. 2. 2. 4 

Pipe schedule method 11.2.2, A. 11. 2.2.8 

Room design method 11 .2.3.3, A. 1 1 .2.3.3. 1 

Waterflow alarms /detection devices 6.9, 8 1 6.1 , J 7.4. 1 2.2, 

A.6.9,A.8.16.1, C.4 
Attachments 

Electrically operated 6.9.4, A.6.9.4 

General 6.9.3, A.6.9.3. 1 , A.6.9.3.2 

Circulating closeddoop systems 7.6. 1.7 

Drains ..."". 6.9.5 

Flow tests 16.2.3.1, 16.3(3), 17.8.2 

High-rise buildings 8.16. 1 .6, A.8.I6.1.6 

In-rack sprinklers C.4 

Local 8.16.1.1,8.16.1.7.2 

Mechanically operated 8.16. 1.5, A.8.16.L5 

Supervision .... 8.16.1.7, 11.2.2.7, 11 .2.3.1.8(10), A.8. 16. 1.7, D.5.2 

Water-motor-operated devices 8. 1 6. 1.5. 1 

Water spray systems .1 3.29 . .1 . 7 to 1 3.29.1 .9 

Water supplies Chap. 15; see also Mains; Water demand 

requirements 
Aircraft engine test facilities 1 3.26. 1.2 
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A i r po r t te r m i rial buildi n gs , f u e 1 i n g ra m p drainage, 

and loading .! \ .'' 13.25.1.3 

Arrangement. 15. 1 .6, A. 1 5.1 .6.2 

Baled cotton storage 12.5.1 

Capacity 15.1.2, 15.2.3.2 

Cellular nitrate film, rooms containing 13.6. 1 .2 

Corrosive properties, protection from 8.1 5.3.2.2 

Definition 3.14(B), 17.1.3(13) 

Domestic, connections to 13.4.1 .3, B. 1 , D.4 

Electric generating plants A.13.31.1 (1 ), A. 1 3.32.1 

Information 1 4.2 

Liquefied natural gas (LNG), production, storage, 

and handling of ' 1 3. 1 3. i 

LP-Gas at utility gas plants 1 3. 1 2. J 

Mari ne systems 1 .7.7, A. 1 7.7 

Meters 1 5. 1 .7, A. 15. 1 .7 

Miscellaneous storage 12.1.10.2 

Nuclear power plants 13.29.1.1, 13.29.2.1.2, 13.30, 

A. 13.29.1 .1 , A. 1 3.29.2 J .2, A. 13.30. 1 

Number of supplies 15. 1 . 1 

Organic peroxide formulations, storage of 1 3.28.1.3 

Outside sprinklers 7.7.2, A.7.7.2.1 

Oxidizers, liquid and solid 13.27.1.2 

Pendent sprinklers, return bend requirement 8.14.18.1 

Private fire service main see Private fire service main 

Pyroxyl i n plastic, storage of 13.7.1.1, 13.7.1.2 

Residential sprinklers 11.2.3.5.5 

Roll paper storage 1 2.6.1 .3 

Rubber tire storage 1 2.4. 1 .3, 12.4. 1.4 

Treatment 15.1 .5, A. 15.1.5 

Types 1 5.2, A. 1 5.2 

Water-cooling towers 13.21.1.7 

Waterworks, con nections to 15.1.8, 15.2.1, 

AI5.1.8, A 15.2.1 

Water temperature, closed-loop systems 7.6. 1 .3 

Waterworks systems, connections to 1 5. 1 .8, 1 5.2. 1 , A. 15.1 .8, 

A. 15.2.1 
Welded pipe ... 6.5.2, 10.3.2, 10.8.1.2, Fig. A.6.5.2(a), Fig. A.6.5.2(b) 

Qualifications 6.5.2. 1 3 

Records 6.5.2. 1 4 

Welding, oxygen-fuel gas systems for 1 3.9 

Welding studs 9.1 .3.9, 9.1 .4.1 , A.9.1 .3.9.3, A.9.1 .4.1 

Wet pipe systems 7.1, 12.1.4, A. 12. 1.4 

Cleanrooms 1 3.23.2.1 



Connections 8. 15. 1.1 .3.5, 8.15.1. 1 .4.3, A.8.1 5.1.1.3.5 

Definition 3.4.9 

Drainage 8.1 5.2.2, 8. 1 5.2.5.2, A.8.1 5.2.5.2. 1 

Early suppression fast-response sprinklers used in 8.4.6. 1 

Fire department connections 8. 1 6.2.4.2 (1 ) , 8. 1 6.5.2. 1, 

11.2.3.1.8(8) 

Hose connections 8. 16.5.1.4, A. 8. 16.5.1.4 

I nclustrial ovens and furnaces A. 8. .1. 4. .1.1 

Large drop sprinklers used in 8.4.7.1 

Organic peroxide formulations, storage of 1 3.28. 1 .2 

Palletized, solid pile, bin box, or shelf storage 12.2.2.2.2.6(B), 

12.2.3.2.2.5(B) 

Plastics display/storage, retail stores 1 2.7.2, A. 1 2.7.2 

Preaction systems classified as 12.2.2.2.2.6(B), 12.2.3.2.2.5(B), 

12.3.2.2.3.5(B), 12.3.3.2.3.5(B), 12.3.4.2.3.5(B) 

Pressure gauges 7.1.1 

Quick-response sprinklers used in 1 1 .2.3.2.3.1 ( 1 ) 

Relief valves 7.1.2 

Residential sprinklers used in 8.4.5.2 

Roll paper storage 1 2.6.1 .4 

Slatted shelves, rack storage 12.3.2.5.1.2, 12.3.3.5.1.2 

Small orifice sprinklers used in 8.3.4.1 (2) 

Test connections 8. 1 6.4.2, A.8. 1 6.4.2 

Water-cooling towers 1 3.2. 1 . 1 . 1 , 1 3.2 1 . 1 .7.2 

Waterflow detecting devices 6.9.2. 1 , 6.9.2.4, A. 6.9. 2.4 

Wharves \ 13.22, A. 1 3.22. 1 .1 

Window protection 7.7.8. 1 

Marine systems 1 7.4.3, 17.5.2, .1 7.6.2 

Show window's, sprinklers under 8.3.2.5(6) 

Skylights 8.5.7 

Wood, fasteners in 9.1.5 

Wood joist construction see also Bar joist construction 

Definition A.3.7. 1 , Fig. A.3.7. 1 (b) 

Large drop sprinklers 12.2.2.2.2.3, 12. 2. 3.2. 2.2,' 12.3.2.2.3.2, 

12.3.3.2.3.2, 12.3.4.2.3.2 

Wood truss construction (definition) A. 3. 7. 2 (5) , Fig. A.3.7. 2 (c) 

Working plans 1 4. 1 , A. 1 4. 1 

Working pressure 6. 1 .3 

Worksheets, hydraulic calculations 1 4.3.3, A. 1 4.3.3 

Wrench, sprinkler 6.2.9.6 



Yard mains 13.29.1.2, 13.29.2.1, A.13.29.2.1.2, A.13.31. 1(2) 



Cou/W 7 8 9 
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Tentative Interim Amendment 

NFPA 13 

Standard for the Installation of Sprinkler Systems 

2002 Edition 

Reference: Various 
TIA02-1 (NFPA 13) 

(SC 03-7-8 /Log No. 748) 

Pursuant to Section 5 of the NFPA Regulations Governing Committee Projects, the National 
Fire Protection Association has issued the following Tentative Interim Amendment to NFPA 13, 
Standard far the Installation of Sprinkler Systems, 2002 edition. The TIA was processed by the Auto- 
matic Sprinkler Systems Committee, and was issued by the Standards Council on July 17, 2003, 
with an effective date of August 6, 2003. 

A Tentative Interim Amendment is tentative because it has not been processed through the en- 
tire standards-making procedures. It is interim because it is effective only between editions of 
the standard. A TIA automatically becomes a proposal of the proponent for the next edition of 
the standard; as such, it then is subject to all of the procedures of the standards-making process. 

1. Rexvord Sections 933.6, 9.33.6.1, A.933.6.1, 933.6.2 and 9333 'to read as follows: 

9.3.5.6* Horizontal Seismic Loads. 

9.3.5.6.1 The horizontal seismic load for the braces shall be determined as required by the au- 
thority having jurisdiction. The weight of the system being braced (Wp) shall be taken as 1.15 
times the weight of the water-Filled piping. [See A.9.3.5.6.1 ..] 

A 9.3.5.6.1 The several factors used in the computation of the horizontal seismic load should be 
available from the project architect or structural engineer. Sprinkler systems are emergency sys- 
tems and as such should be designed for an Importance Factor (Ip) of 1.5. Seismic load equa- 
tions allow the reduction of the seismic force by a Component Response Modification Factor 
(Rp), that reflects the ductility of the system; systems where braced piping are primarily joined 
by threaded fittings should be considered less ductile than systems where braced piping are 
joined by welded or mechanical type fittings. While research coninues in understanding the 
performance of sprinkler piping under seismic loads, the good performance of properly braced 
sprinkler piping in past earthquakes suggests that properly braced systems perform with high 
ductility, which currently relates to an Rp factor of 3.5. 



9.3.5.6.2 Where the authority having jurisdiction does not specify the horizontal seismic load, 
the horizontal seismic force acting on the braces shall be determined based on a horizontal 
force of Fp~ 0.5 Wp, where Fp is the horizontal force factor and Wp is 1.15 times the weight of 
the water filled piping. 

9.3.5.7 Where the horizontal seismic loads used exceed 0.5 Wp and the brace angle is less than 
45 degrees from vertical or where the horizontal seismic load exceeds 1.0 Wp and the brace an- 
gle is less than 60 degrees from vertical, the braces shall be arranged to resist the net vertical re- 
action produced by the horizontal load. 



2, Replace Figure 9.3.5. 9. 1 and its associated tables and modify Section A. 9. 3. 5. 9 to read as folloius: 




Fastener Orientation 
iglc A, B. ar C 

Anqie A.= 30" to 44" 
A/iqle B= 45' to 59" 
Angle C= 60" to 90" 



Fastener Ortent-atfon- 



Angte D, E, or F 



vVii 



^ 



■-'■" /■/ .-v 



y 



Angle D, E, or F 






j?' 



^ 



V, 



Mini" mum )i depth n>f beam hut nat 

< 3 Tru (76 mm} for wo*d b*ama 



Angle D- 30' to 44' 
Angle E= 45" to 59* 
Angle F= 60" to 90" 



Load Perpendicular to Structural Member 



Angle G, H, or I 







.a 



Angle G, H, or I 






' S^- 1 — Hhrrnum four fastener diameter* 
but not <; A twarn depth -and net 

< 3 In. 1 76 mm) far v.iacid beams 

Angle Q= 3& to 44 + 
Anle h= 45 k bo .59* 
Angle 1= 60" to 90* 



toad Parallel to Structural Member 



Figure 9.3.5.9.1 Maximum Loads for Various Types of Structure and Maximum Loads for Vari- 
ous Types of Fasteners to Structure. 



Through Bolts in Sawn Lumber or Glue Laminated Timbers (Load Perpendicular to Grain) 



Length of 

Bolt in 
Timber (in.) 



1/2 



C 



D 



H 



I 



Bolt Diameter (in.) 



5/8 



A 



B 



D 



H 



I 



3/4 



B 



D 



H 



t 



1 1/2 

2 1/2 

3 1/2 
5 1/2 



115 
140 
175 



165 
200 
250 



200 
240 
305 



135 
160 
200 



230 
230 
350 



395 



600 



130 
165 
200 



215 
275 
330 



310 
410 
435 



135 
160 
200 
280 



190 
225 
2S5 
395 



235 
280 
345 
485 



155 
185 
230 
325 



270 
320 
400 
560 



460 
550 
685 
960 



155 
190 
235 
315 



255 
320 
405 
515 



380 
495 
635 
735 



155 
180 
220 



220 
255 
310 
440 



270 
310 
380 
535 



180 
205 
255 
360 



310 
360 
440 
620 



530 
615 
755 
1065 



170 
215 
260 
360 



300 
365 
455 
610 



450 
575 
730 
925 



Lag Screws and Lag Bolts in Wood (Load Perpendicular to Grain - Holes Predrilled Using Good P raotice) 


Length Under 
Head (in.) 




Lag Bolt Diameter (in.) 


3/8 


1/2 : 


5/B 


A 


B 


c 


D 


E 


F 


G 


'■ H 


, 


A 


B 


C 


D 


E 


F 


G 


H 


I 


A : 


B 


C 


D 


E 


h 


G 


H 


I 


3 1/2 


I 65 


I90 


200 


170 


220 


310 


80 


120 


1/0 


- 


' 


■-■ 


- 


- 


■« 


- 


* 


* 


- ; 


* 


* 


: * 


* 


* 


- 


* 


.* 




4 1/2 


180 


200 


200 


175 


235 


350 


80 


120 


170 


300 


355 


380 


315 


400 


550 


145 


230 


325 


* ; 


* 


* 


* 


•V 


* 


* 


* 


* 




5 1/2 


190 


200 


200 


175 


245 


330 


80 


120 


170 


320 


370 


380; 


320 


420 


610 


145 


230 


325 


435 


525 


555 


425 


550 


775 


195 


320 


460 




6 1/2 


195 


205 


200 


175 


250 


400 


80 


120 


170 


340 


375 


380: 


325 


435 


650 


145 


230 


325 


465 


540 


555 


430 


570 


840 


195 


320 


460 



Note: Wood fastener maximum capacity values are based on 2001 National Design Specifications (NDS) for wood with a specific gravity 
of 0.35. Values for other types of wood can obtained by multiplying the above value's by the following factors: 



Specific Gravity of 
Wood 


Multiplier 


0.36 fhru 0.49 


1.17 


0.50 thru 0.65 


1.25 


0.66 thru 0.73 


1.50 



Wedge Anchors in Normal Weight Concrete 


Diameter 
(in) 


Embedment 
(in) 


A 


B 


C 


D 


E 


F 


G 


H 


I 


; 3/8 


3 


120 


290 


615 


540 


465 


410 


385 


545 


665 


1/2 


4 


210 


510 


1085 


955 


825 


720 


690 


975 


1195 


5/8 


5 


300 


730 


1550 


1415 


1200 


1035 


1085 


1530 


1875 


3/4 


6 


385 


945 


2005 


1920 


1600 


1335 


1800 


2545 


3120 



Wedge Anchors in Lightweight Concrete Filled Metal Decking 


Diameter 
(in) 


Embedment 
(in) 


A 


B 


C 


D 


E 


F 


G 


H 


I 


3/8 


1 1/4 


75 


175 


375 


- 


- 


- 


- 


- 


- 


1/2 


2 1/4 


100 


245 


520 


- 


- 


- 


- 


- 


- 


5/8 


2 1/4 


150 


370 


780 


- 


- 


- 


- 


- 


- 


3/4 


■3-1/4 


160 


390 


825 


....... 


- 


- 


- 


■- 


- 



Undercut Anchors in Normal Weight Concrete 


Diameter 
(mm) 


Embedment 
(in) 


A 


B 


C 


D 


E 


F 


G 


H 


I 


M10 


4 


305 


745 


1125 


1165 


1105 


1050 


650 


920 


1125 


M12 


5 


460 


1130 


1645 


1740 


1665 


1595 


950 


1345 


1645 


M16 


71/2 


825 


2020 


2930 


3110 


2980 


2860 


1695 


2395 


2930 



Note: These are minimum values to be used tor a generic anchors in normal weight 
concrete slabs, lightweight concrete metal tilled decking and a table for undercut 
anchors in normal weight concrete. Anchors with special listings shall be installed in 
accordance with their requirements. 



Connections to Steel (Values Assume Bolt Perpendicular to Mounting Surtace) 


Diameter of Unfinished Steel Bolt (in.) 


1/4 


3/8 


A 


B 


C 


D 


E 


F 


G 


H 


I 


A 


B 


C 


D 


E 


F 


G 


H 


I 


400 


500 


600 


300 


500 


650 


325 


458 


565 


900 


1200 


1400 


800 


1200 


1550 


735 


1035 


1278 


Diameter of Unfinished Steel Bolt (in.) 


1/2 


5/8 


A 


B 


C 


D 


E 


F 


G 


H 


I 


A 


B 


C 


D 


E 


F 


G 


H 


) 


1600 


2050 


2550 


1450 


2050 


2850 


1300 


1830 


2260 


2500 


3300 


3950 


2250 


3300 


4400 


2045 


2880 


3557 



A.9. 3.5.9 Current fasteners for anchoring to concrete are referred to as post installed anchors. 
There are several types of post installed anchors that include expansion anchors, chemical or 
adhesive anchors and undercut anchors. The criteria in Tables 9.3.5.8.9 (a), (b) and (c) are 
based on the use of a wedge expansion anchors and undercut anchors. Use of other anchors in 
concrete should be in accordance with the listing provisions of the anchor. Anchorage designs 
are usable under ASD methods. Values in tables 9.3.5.8.9 (a), (b), and (c) are based on an 8 to 
1 safety factor in tension and a 4 to 1 in shear for allowable loads. Wedge anchors are torque- 
controlled expansion anchors that are set by applying a torque to the anchor's nut, which 
causes the anchor to rise while the wedge stays in place. This causes the wedge to be pulled onto 
a coned section of the anchor and presses the wedge against the wall of the hole. Undercut an- 
chors may or may not be torque-controlled. Typically, the main hole is drilled, a special second 
drill bit is inserted into the hole and flare is drilled at the base of the main hole. Some anchors 
are self-drilling and do not require a second drill bit. The anchor is then inserted into the hole 
and when torque is applied the bottom of the anchor flares out. into the flared hole and a me- 
chanical lock is obtained. Consideration should be given with respect to the position near the 
edge of a slab and the spacing of anchors. Typically for full capacity in tables 9.3.5.8.9 (a), (b), 
and (c) the edge distance should be l-'A times the embedment and 3 times the embedment for 
spacing between anchors. 

3. Modify section 9.3.5.3.1 to read as follows, and add a new annex section A. 9. 3. 5. 3.1 to read as follows: 

9.3.5.3 Lateral Sway Bracing. 

9.3.5.3.1* Lateral sway bracing shall be provided on all feed and cross mains regardless of size 
and all branch lines and other piping with a diameter of 2 l A in. (63.5 mm) and larger. Lateral 
brace assemblies in straight runs of pipe shall be capable of resisting the anticipated seismic 
loads and spaced to a maximum interval not exceeding 40 ft (12.2 m) on center. The load ca- 
pacity of the brace assembly shall be determined by the capacity of its weakest component. 

A.9.3.5.3.1 A brace assembly includes the brace member, the attachment components to pipe 
and building and their fasteners. There are primarily two considerations in determining the 
spacing of lateral earthquake braces in straight runs of pipe: (1) Deflection, and (2) Stress. Both 
deflection and stress tend to increase with the spacing of the braces. The larger the mid-span 
deflection, the greater the chance of impact with adjacent structural/non-structural compo- 
nents. The higher the stress in the pipe, the greater the chance of rupture in the pipe or cou- 
pling. For properly sized braces, the 40 ft maximum spacing between lateral braces in straight 
runs of pipe results in deflections and stresses consistent with the minimum required clearances 
in this standard and modern building codes. In the longitudinal direction, there is no deflec- 
tion consideration, but the pipe must transfer the load to the longitudinal braces without induc- 
ing large axial stresses in the pipe and the couplings. 

4. Delete Section 9. 3. 5. 3. 3. 

5. Renumber Sections 9.3.5.3.4 through 9.3.5.3.8 as Sections 9.3.5.3.5 through 9.3.5.3. 7. 
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Tentative Interim Amendment 



NFPA 13 



Standard for the Installation of Sprinkler Systems 



2002 Edition 



Reference: Table 12. 1.10; 1.1 

TIA02-2(NFPA13) 
(SC 03-7-7 7 Log No, 732) 



Pursuant to Section 5 of the NFPA Regulations Governing Committee Projects, the National 
Fire Protection Association has issued the following Tentative Interim Amendment to NFPA 13, 
Standard for the Installation of Sprinkler Systems, 2002 edition. The TIA was processed by the Auto- 
matic Sprinkler Systems Committee, and was issued by the Standards Council on July 1.7, 2003, 
with an effective date of August 6, 2003. 

A Tentative Interim Amendment is tentative because it has not been processed through the en- 
tire standards-making procedures. It is interim because it is effective only between editions of 
the standard. A TIA automatically becomes a proposal of the proponent for the next edition of 
the standard; as such, it then is subject to all of the procedures of the standards-making process. 



1. Modify last two columns Total Combined Inside and Outside Hose (gpm) and Duration (min- 
utes), of section Miscellaneous Tire Storage of Table, and Miscellaneous Group A Plastic Storage 
12 J. 10. LI as follows: 
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Miscellaneous Group A Plastic Storage 
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Tentative Interim Amendment 

NFPA 13 

Standard for the Installation of Sprinkler Systems 

2002 Edition 

Reference: 12.1.13.4, 12.1.13.5, 12.1.13.6 
TIA 02-3 (NFPA 13) 

(SC03-7-6/LogNo.731.) 

Pursuant to Section 5 of the NFPA Regulations Governing Committee Projects, the National 
Fire Protection Association has issued the following Tentative Interim Amendment to NFPA 13, 
Standard for the Installation of Sprinkler Systems, 2002 edition. The TIA was processed by the Auto- 
matic Sprinkler Systems Committee, and was issued by the Standards Council on July 17, 2003, 
with an effective date of August 6, 2003. 

A Tentative Interim Amendment is tentative because it has not been processed through the en- 
tire standards-making procedures. It is interim because it is effective only between editions of 
the standard. A TIA automatically becomes a proposal of the proponent for the next edition of 
the standard; as such, it then is subject to all of the procedures of the standards-making process. 

1 . Revise Section 12.1.13.4 to read as follows: 

12.1.13.4 Unless the requirements of 12.1.13.5 are met, the requirements of 12. 1 .1 3.2 and 
12.1.13.3 shall not apply to modifications to existing storage application systems, using sprin- 
klers with K-factors of 8.0 or less. 

2. Add, a new section 12.1.13.5 to read as follows: 

12.1.13.5 Where applying the requirements of Figure 12.3.3.1.5(b) and Figure 12.3.3.1.5(c) uti- 
lizing the design criteria of 0.6 gpm/ft 2 per 2000 sq. ft. (186m 2 ) to existing storage applications, 
the requirements of 12.1.13.3 shall apply. 

3. Renumber 12.1.13.5 as follows: 



12.1.13.6 The use of quick-response spray sprinklers for storage applications shall be permitted 
when listed for such use. 
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Sequence of Events Leading to Publication 
of an NFPA Committee Document 

Call goes out for proposals to amend existing document or for 
recommendations on new document 



Committee meets to act on proposals, to develop its own pro- 
posals, and to prepare its report 



Committee votes on proposals by letter ballot If two-thirds ap- 
prove, report goes forward. Lacking two-thirds 
approval, report returns to committee. 



Report — Report on Proposals (ROP) — is published for public 
review and comment 



Committee meets to act on each public comment received. 



Committee votes on comments by letter ballot If two-thirds 

approve, supplementary report goes forward. 

Lacking two-thirds approval, supplementary report returns to 

committee. 



Supplementary report — Report on Comments (ROC) — is pub- 
lished for public review. 



NFPA membership meets (Annual or Fall Meeting) and acts 
on committee report (ROP or ROC). 



Committee votes on any amendments to report approved at 
NFPA Annual or Fall Meeting. 



Appeals to Standards Council on Association action must be 
filed within 20 days of the NFPA Annual or Fall Meeting. 



Standards Council decides, based on all evidence, whether 

or not to issue standard or to take other action, including 

upholding any appeals. 



Committee Membership Classifications 

The following classifications apply to Technical Commit- 
tee members and represent their principal interest in the 
activity of a committee. 

M Manufacturer. & representative of a maker or marketer of 
a product, assembly, or system, or portion thereof, that 
is affected by the standard. 

U User. A representative of an entity that is subject to the 
provisions of the standard or that voluntarily uses the 
standard. 

I/M InstaUer/Maintatner A representative of an entity that is 
in the business of installing or mamtaining a product, as- 
sembly, or system affected by the standard. 

L Labor: A labor representative or employee concerned 
with safety in the workplace. 

R/T Applied Research/Testing Laboratory: A representative of 
an independent testing laboratory or independent ap- 
plied research organization that promulgates and/or 
enforces standards. 

E Enforcing Authority: A representative of an agency or 
an organization that promulgates and/or enforces 
standards. 

I Insurance: A representative of an insurance company, 
broker, agent, bureau, or inspection agency. 

C Consumer: A person who is, or represents, the ultimate 
purchaser of a product, system, or service affected by the 
standard, but who is not included in the ^^classification. 

SE Special Expert: A person not representing any of the pre- 
vious classifications, but who has special expertise in the 
scope of the standard or portion thereof. 

NOTE 1: "Standard" connotes code, standard, recommended 
practice, or guide. 

NOTE 2: A representative includes an employee. 

NOTE 3: While these classifications will be used by the Stan- 
dards Council to achieve a balance for Technical Committees, 
the Standards Council may determine that new classifications 
of members or unique interests need representation in order 
to foster the best possible committee deliberations on any 
project. In this connection, the Standards Council may make 
such appointments as it deems appropriate in the public inter- 
est, such as the classification of "Utilities" in the National Elec- 
trical Code Committee. 

NOTE 4: Representatives of subsidiaries of any group are gen- 
erally considered to have the same classification as the parent 
organization. 
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FORM FOR PROPOSALS ON NFPA TECHNICAL COMMITTEE DOCUMENTS 

Mail to: Secretary, Standards Council 

National Fire Protection Association, 1 Batterymarch Park, Quincy, Massachusetts 02269-9101 

Fax No. 617-770-3500 
Note: All proposals must be received by 5:00 p.m. EST/EDST on the published proposal-closing date. 



If you need further Information on the standards-making process, please contact the 

Standards Administration Department at 617-984-7249. 

For technical assistance, please call NFPA at 617-770-3000 



Please indicate in which format you wish to receive your ROP/ROC: D paper D electronic D download 

(Note: In choosing the download option you intend to view the ROP/ROC from our website; no copy will be sent to you.) 

Date 9/18/93 Name John B. Smith Tel. No. 617-555-1212 

Company 

Street Address 9 Seattle St., Seattle, WA 02255 

Please Indicate Organization Represented (if any) Fire Marshals Assn. of North America 

1. a) NFPA Document Title National Fire Alarm Code NFPA No. & Year NFPA 72, 1993 ed. 

b) Section/Paragraph 1-5,8.1 (Exception No. 1) 



2. Proposal Recommends: (Check one) O new text 

□ revised text 
t& deleted text 



FOR OFFICE USE ONLY 
Log# 



Date Rec'cL 



3. Proposal (include proposed new or revised wording, or identification of wordpigio bejdeleted): (Note: Proposed 
text should be in legislative format: i.e., use underscore to denote wording to be inserted (inserted wording^ and^tf^through to denote wording to 
be deleted ( dolotod wording) . 

Delete exception. 



r \ \ \ V 

/ N \ \ \\ I ■ 




4. Statement of FroMem^a^SubstaBtlatioil forjPhSposal: (Note: State the problem that will be resolved by your recommenda- 
tion; give the specific reasonjor^our proposal inefayjng-copies of tests, research papers, fire experience, etc. If more than 200 words, it may be 
abstracted for publication.) ^*\^J j I ^J 

\ S 

A properly installed and Tnaintalnecl system should be free of ground faults. The occurrence of one or more ground 
faults should be required to cause a "trouble" signal because it indicates a condition that could contribute to future 
malfunction of the system. Ground fault protection has been widely available on these systems for years and its cost is 
negligible. Requiring it on all systems will promote better installations, maintenance and reliability. 

5. 23 This Proposal 1S original material. (Note: Original material is considered to be the submitter* s own idea based on or as a result of 
his/her own experience, thought, or research and, to the best of his/her knowledge, is not copied from another source.) 

□ This Proposal is not original material; its source (if known) is as follows: 

Note 1: Type or print legibly in black ink. 

Note 2: If supplementary material (photographs, diagrams, reports, etc.) is included, you may be required to submit sufficient copies for all mem- 
bers and alternates of the technical committee. 

/ hereby grant the NFPA all and full rights in copyright, in this proposal and I understand that I acquire no 

rights in any publication of NFPA in which this proposal in this or another similar or analogous form is used. 



JJL 



^^Jw^€ 
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Signature (Required) 



FORM FOR PROPOSALS ON NFPA TECHNICAL COMMITTEE DOCUMENTS 

Mail to: Secretary, Standards Council 

National Fire Protection Association, 1 Batterymarch Park, Quincy, Massachusetts 02269-9101 

Fax No. 617-770-3500 
Note: All proposals must be received by 5:00 p.m. EST/EDST on the published proposal-closing date. 



If you need further information on the standards-making process, please contact the 

Standards Administration Department at 617-984-7249. 

For technical assistance, please call NFPA at 617-770-3000 



Please indicate in which format you wish to receive your ROP/ROC: D paper D electronic Q download 

(Note: In choosing the download option you intend to view the ROP/ROC from our website; no copy will be sent to you.) 



Date 



Name 



Tel No, 



Company . 



Street Address 



Please Indicate Organization Represented (if any)_ 

1. a) NFPA Document Title 

b) Section/Paragraph 



NFPA No. & Year 



2. Proposal Recommends: (Check one) □ new test 

□ revised text 

□ deleted t&nt 



FOR OFFICE USE ONLY 
Log# 



Date Rec'd 



3, Proposal (include proposed new or revised wording, or identification of wording to be deleted): (Note: Proposed 
text should be in legislative format: i.e., use underscore to denote wording to be inserted (inserted wording ^ and strike-through to denote wording to 
be deleted ( dolotod wording) . 



4. Statement of Problem and Substantiation for Proposal: (Note: State the problem that will be resolved by your recommenda- 
tion; give the specific reason for your proposal including copies of tests, research papers, fire experience, etc. If more than 200 words, it may be 
abstracted for publication.) 



5. Q This Proposal is original material* (Note: Original material is considered to be the submitter's own idea based on or as a result of 
his/her own experience, thought, or research and, to the best of his/her knowledge, is not copied from another source.) 

Q This Proposal is not original material; its source (if known) is as follows: 

Note 1 : Type or print legibly in black ink. 

Note 2: If supplementary material (photographs, diagrams, reports, etc.) is included, you may be required to submit sufficient copies for all mem- 
bers and alternates of the technical committee. 

/ hereby grant the NFPA all and full rights in copyright, in this proposal, and I understand that I acquire no 

rights in any publication of NFPA in which this proposal in this or another similar or analogous form is used 



Signature (Required) 



PLEASE USE SEPARATE FORM FOR EACH PROPOSAL 
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